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(1 . W . K K I T T A K 1) V . V . Hash* 

LtMvis liiilpli J(un*s, 1 'a *(Vssor Emeritus of ]*Jant PHtho]oj 4 :y of the fhii- 
v<*rsity of Wisconsin, died at OrJando, Florida, on April 1, 1945, in liis 
eijrlity-first year. In liis })assin«r llie T'niA^ersity of Wisconsin has lost one 
of her •rreatest s('holai*s, the American I^hytojjatholofiical Society one of its 
founders and leading’ s})irits, and hioloj^ical seitMice one of its most eonstrne- 
tiv(‘ lea<lers. Ills many stnd<‘nis tlironjrhont the world have lost a beloved 
feat'lKM* ami Irusled friend. 

Ills fondiears wei-e vij»nrons and able pionems in the settlement of tliis 
country, liis fatliei*, David Jones, born of Kn^dish parents in 1828 at the 
border of Knjilami and Wales, came to America with his family at the age 
of fonricen, Aftm* tlire(‘ years at Ftica, Xew York, tlie family settled on 
a farm n(‘ar Kimo.sha, AVisi'onsin. At the age of twenty. David bought a 
tiact of goverinm iit land in Metomen t<»wnshi]) of Fond du Lae County, 
neai* tiie site on which ihi' \ illaire of l>j*amh)n later was established. Here 
ln‘ built his house and livcvl a long and useful life as a vSiiet*essful farmer 
and a leader in the (Mumminity. He rai.sed (iueiaisey cattle, and his oats 
won a bnm/c medal at tin* St. Lonis Exposition. In 185G, he married Luey 
Jane Knapp, who wa^*" d<*s(;‘ended f)*t)m a long line of New England and 
J*cnn^\ lvania Dutch ancestors, soim* of whom heenuue ]»ioneers in wt*sTei*n 
W'l’iiiunt soon after tin' lu‘M»lntionary War. Lney Jane, daughter of Alva 
and Mary Cntidierl Knapj), was horu at Slarkshorn. Vermont, May 27, 18J7. 
I” 1850, liei' fia’cjiis juo\ed t(» Metoiueii towushi]), and later to Draiidou. 
lief(i?*e her man c ' she was teaidim the local disti'iet school. She was a 
wonuni of ihu" v i '^nid charm ami a discriminating n^ader with broad 
intei'csts. h'ldiu girllmcil in om* <if tlu* mo'^t jnctiircsipie of the (ireeii Alonii- 
laiii valleys slit^ hrouglil a Icvc ot nature, and esjandally of plant life, that 
sh(’ (^a]dy imparted to her children. She was devottMl \n hci* family and to 
‘he (odtiiral ami religions lilc of the i-ommunity. Ilcrs was the dominant 
.nflueiicc in making it jiossililc fer her son, Ealph, wlio early sliowed the 
'cnt of a .scimlar. to prt'pare himself for a lilieral education. 

Lewis Ralph, the third of six chihlren of David and imey Knapp Jones, 
was horn mi December 5, 1S(>4. In thi*ir busy home of high idc^als and 
sterling \ a lues were lai<l the foundations of tin* ehai*ae.tt‘r that was to guide 
him so well. His early edn(‘ati<m Avas at Rrandon. From 1883 to 1885 he 
attended I^i|)mi (‘olh'ge. where In* became attraeted to hiologieal science 
under tlu* stimulating intluem*e and heliifnl counsel of V. Dwight ]\Iarsh, 
Professor of Clu'iiiistry and Biology. Fm* more advaneeil studies he went 

1 <;r;jl(‘ful ackiicwlcdgmciits nrr inrnle to «*ollc:igiics in the T»e])artmciit ot* Plant 
Pathology of the Fiiivinsity of Wisconsin an<1 t<» nuiiiy other former stiniiaits and friends 
of Professor .Ifnies for their assistance in the pn'paration of this sketch of his life and 
AA(*rks. 
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ill 1886 to the I'liiversily of Mii-hijiaii. His iiiuler<»Tathiale edueation \vas 
oriented towards inedieine, but in ids senior \ear Jie decided to <ro into plant 
patlioloji:y instead. In making* this deeisioii, Jie was mueJi iiiflueneed by J)r. 
A’olney M. Spalding, Professor of Hot any, and Krwin V\ Smith, then a 
mature and exee])tionalJ\ brilliant g?*a<luate student who was already well 
started in his distinguislied career in the I'lulc'il States Department of Agri¬ 
culture. In his last seim‘ster as an undergraduate he was privilegeil to 
attend Smitirs doctoral examination. In ins own Avords: ‘'This examina¬ 
tion covered Smitirs early work on ]>eaeh yellows. The glimpses thus given 
me of the significance of and o])])oi*tunity for r(^s(*arch in the field of ])lant 
pathology Avere most inspiring. ... in conference with my wdse and re¬ 
vered counselor. Professor Voluey Spalding, ilie decision to turn to plant 
pathology was promf)tJy reachetl and ne\cr since regretted.’’ 

The arresting fact that the I’niversily of Mieldgan should at this time 
have launched upon theii* earetu's two young rmui wJio were to beeome out¬ 
standing leaders of tlieir gmieralion in both plant pathology and the broatler 
field of biology and agrieultnre siigg<‘st>. some coiisideration of background 
events. Oreat developments in Ameriean (*duca ion and researeh wen* in 
the making, the Vniversity of Aliehii'tm was hec'oming one of llu* foremost 
centers of learning in this country, and the pioneer homes of the Middle 
West Avero prodiuung* young men with the eliaracter, ideals, intellect, vitior- 
ous initiative, and symj)a1hctie uiulerstanding of needs (hat enabl(*d lliem 
to meet the great calls for servi('(* that s(» rapidly ih*veloped. 

Plant pathology in America was in its infancy at a tinn* wlicii a ra])idly 
exi»aiiding agriculture A^as prt‘sciiting plant disrast‘ probltans of gr(‘at 
urgency. The foundations of this mwv sricuce liad hct'ii laid in i*'urope 
b\' such ])iom*ers as Provost, the I’nlaNijcs, de P>ar>. and Kiihii. and simitar 
advances had been made in the fiehl of infectious diser . ■ of animals and 
man by Koch, J’astcur, Listtu*. and others. Farhn lie ' studiiMl nml«*r 
de L>ary in the mid-seA’('nt ies and hrouj:lit tin* inspiration ami methods of I his 
great leader to Harvard, Avln’re Ik* had beiiun training iiK*n, espeeially in llic 
taxonomy and life-liistories of parasilir fnn-ji. lini-rjll, at tin* I’niver'^ity 
of Illinois in 1878 to 1881, hail made the classic discovery that hactcria incite 
the fire blight disease of afj}»|cs ami pears, and piom*er work iOt plant dis¬ 
eases Avas under w'ay in many stat**'-.. lly 1SS5, .Millaj-dtU ami others in 
Fram'c Jiad dist'Overed Pordi’aux mixture ami <icmoiistrated sm-li dramatic 
success i)i its control of (l(*stmetivc [dant di'-cascs that great impetus iiad 
been giAen to the dcvelopmetit of plant pathoh»gy ami related (iehls of agri¬ 
cultural s(*iem'e. A ‘-ectioo of myt'ologx, <lev<iteil primarily to work oti 
plant diseases, liad liecn esiablislied in tlm 1'. S. Deparlimmt of Agrieulture 
in 1886, and in 1887 tin* Hatch Act Jtad made possible an agrimillnral experi- 
)nenl station in each slate. 

In llie mid-eighties, tin* rnivi»rsity of IMicliigan Avas raj^idly developing 
in sment ific streugtli and Uadm’shi]). Di-, X'ictor (\ Vangliati was iieginning 
the tu'ogram in medical hacti'riology that he ami Dr. Fr(‘<l(‘ri<*k \\ Xovy 
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(‘Oiitijuicd with such siic(*c.ss. l^rolVssor M. Si)a]din^ sensed tlie 

ji^roat needs and opportiniil ies in tJie new field oi* plant i)athojoft:y and eneonr- 
ajred his students to work on j)Jant diseases. Once they had the o])])ortunity 
to enjraj^e iji such studi(‘s and envision the needs for service aiul the ()})])o)*- 
t unit ies for seienlifit* eon trihut ion in this field, it was inevitable that iiieii 
with the s])l<‘n<lid natural a|)titudes and fine sj>irit of Smith and dories should 
ent(u* it witli all their enerj.ries and enthusiasin. 

don<‘s' first tea(djiij<»- experience came Ixdween his junior and senior 
yeai-s, wlem lie s(‘rve<l as Instructor in Xatund S(Menee at i\lt. Morris Acad¬ 
emy, Mt. Morris, Illinois, tor tin* year of 1887 and two terms of ]888. The 
siuMicss of this early teaching is attested by the Jife-lon«»' friendsliip of mem¬ 
bers of his classes. 

Tpon eoin]>h*tin^^ liis course and re<*eivin^ the Pli.B. dejiree in 1889, lie 
was (*alled to the rniversity of \"erniont. wlnu-e he sei‘ved as Botanist of the 
A: 4 ‘ri*'nllural Extieriment Station. 1889-11110. Instrmdor in Xatural History, 
1889-91, Assistant Bi‘of<*ssor of Natural History, 1891-92, Assoidate Bro- 
f(‘ssor of Natural History. 1892-9»i. aud Professor of Botany, 189d-1910. 

On dune 24, 1890. he married i\lay J. Bennett, a classmate at Uipon (’ol- 
lejif. She shan*(i timn'roiisly in Ids lilVX effort, makinir many ]»ersonal 
sa(‘rifir*‘s to Jndp him meet llie urm*^ pressure of work duriii*>‘ his early and 
middle y(*ars and kci-pin^ their liosjiitahle Jiome always opim to his slinlenls 
and other fj’i(mds. She pass*‘<l away pearefn)l\ in hm* sh‘ej) on Sc’ptemlxo' 
22, 192(). 

His twent\ years at the rniversity of \'«‘riuont, intersjiersed with travel 
and sjierial studies at the I'niversity (d! Mu*hijj:aii, in the Puited States 
Drpni'tUKMit of AerienhniM'. and in Kni-opt*. inarkt'd the fii'sl sta<:e of Pro- 
ft'SNur dones' eai'eer an<l e^tahlisluMl liiiti a^ a leader in Anuu'iean botany and 
jdant patiiulojiy. in this early formative jiericM in the development of the 
stati* aerii'iiltural extierinn'Ut stations, the Pnited Stales De]>artmeut (d* 
Aerit'iiltlire, and tlie stall" eolle;:r> and nnivei’sities. his eontrihnlion was 
rieli ami varied. Most men are fm-timait" if they I'aJi reiuliu’ distiniruished 
'-♦•rvii-e as t(‘in*ln‘r, in^ esti^aloj*. or administrator and builder in education 
and I’cseareh. l*i*ofessor dones made ilistiuLiuislied contributions in all of 
tin .‘sf 1i(‘]<ls. 

He lieeame one <d‘ iln‘ most i-tfe('tive and beloved leaidiers in tlie history 
of the Pniversity of Ndnanoni. He A\as held in tile highest all\‘etion by liis 
stmleuts and so jrreat was his esteem by the student hod.v tliat many wlio 
Aven* eoneeutraliipj; in unrelated fields took woi-k witli liim to experieiiee the 
infim'jiee of his lutelajje and ]K*r.sunalily. Some of tliese were so attracUed 
that they <‘ontinin’d in Jiis fi«*kl for tlnur lift" woj*k. During- his last lew 
years al W'rnmnt over a score of students went out from his laboratto*ies 
into piofessional Avoi'k in jilant seieuec. 

Ht* was hi.u’hly tu’otlnetive in researeli ami in its practical apt)li<'ations. 
th'vt'lopinj:: a national lt‘adej'sliip in stm.lit*s i>f the nature and etuitrol of 
))lant diseases. His first im]>ortant eontrilmlion was his iiioneerinu' in fhe 
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adaptation of Bordoanx mixture to use in America. Bejrinnin^ witli exi)eri- 
ments in the summer of 188f), in which late blifrht of jxdato was successrully 
prevented, l)e rapidly developed methods for llie pra(*tieal control of tliat 
disease and of both apple and ]>ear scab by this “mai’velous new French 
fiiiifrieide.’’ Examination of the app(*nded bibliojrraphy will ^ivi* s<une idea 
of the wide scope of tile w<»rk that followeil. Tiie practical needs (d agricul¬ 
ture and forestry were •xiven all possible consideration. Duties that in other 
hands might have been routine were made to yield high educational values, 
and contacts with the farmers were ma<le to contribute* both to the solution 
of their problems and enlistment of their interest and cooperation. Not¬ 
withstanding the multiplicity of duties, c<‘rtain jiroblems were se'lected for 
intensive researches that resulted in contributions ol* the highest (|uality. 
Notable among these were his investigations of potato diseases, bacterial soft 
rot of veg(‘tables. and sap ilow in sugar maple. 

The work on jiotato diseases included studi(*s at the Fniversity of Mi<‘lii- 
gan and in Euro])e, wh(*i‘(‘ friim April to Septembtn* (*f 1IK)4 lie visited lead¬ 
ing laboratories in England, Eranct*. l><‘lgiuiiL Holland, and (lennan,\ and 
became aerjuainted with many of tin* for(*most jilent sci(‘nlis1s and ]>lant 
cultiirists of those (MUintries. Fommissioneil by the Fnilt'd Stall's l)ej)art- 
ment of Agri(*ulture to make colh'ctions of potato vacii'ties that b]*e(*ders 
of this country might use in the t'udeavor to devi'loj) stijcks l•esista^t to 
disease and superior in other ipialities, he brought back (»v(*r JM) varieties. 
These were studied at Vermont in association with Professor William Stuact. 
and turned over to Professor Stuart for further studies when the latter 
became leailer of tin* jiotato hre(*ding |)rogram of tiu' Pnileil 8Jiat(‘s Depart¬ 
ment of Agricultni't*. The classical pap(*r on late bli^^ht of jiotato published 
in 1912 by dones, (iiddings, and Imtman as Bulh*tin 245 of tin* Bureau of 
Plant Industi'y rt'iuains the m<»st conipn'heiisi\e and authoritative piddica- 
tion on this important disease. 

Another notabh* exjierieiu'e during the \’ei*mont years was tlu* six numths 
spt'iit, in 18J19 in Erwin F. Smith’s lalxu-atorv in Washington, \vlu*n at 
SmitlPs invitation lu* took his problem on bactt'rial std't rot of veiietables 
there for s])ecial stmli(*s. This was a V(*ry fortnnat»* and signilicant experi- 
eiu'c for all concerned. It enabled him to renew’ his associations with Smith 
and brought him into close contacts with a group of outstanding leaders in 
the <levelo]>inent of the Bureau of IMant Imliistry. Fommunity of int<‘rest 
drew' them together in informal .s(*minars that met fiecpiently in one or 
another laboratory. These W(»re sup])lemt‘ntetl by lunching togetlier and 
by ‘‘Dutch” dinners at IIarv(»y’s famous seafood restaurant. Besides 
Smith and Jones, regular att«*iulants inclmled A. F. Womis, B. T. (Jalloway. 
M. B. Waite, Mark A. Faricton. and Theodoj-e JJolm. Tliese informal 
.MUJiinars later developed into the Jtotatiical Sendnar of the Bureau of Plant 
Industry and finally into the Itotanical Sociidy of Washington. In n'calling 
these early t‘xj)eriences, Di*. Woods recently said; “The discussions Avere 
chiefly along bactm'iologieal and physioh)gical line's, and doiu's was one of 
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tlic ieadiiij:: spirits. Hr whs looked iijjod by the J)t*f)artiiiriit ns a i)rizc 
visitor. He broiijrlit to tlie jrroiip tin* university point of view. Tliou^li 
be (-anie for flirt li(*r baeteriolojrieal traininjr and exfierienee as well as re- 
M^areli, h(‘ jiave fully ns imndi as be jiot. ^Ve \vere proud to have biin with 
us.” Out of sueb relatiojjs jrrew nuitnal understnndinj^ and eonfidenee, 
and tbe way was pav<‘d for iife-loiijui- assoeiations of ^reat advantaj^e to all 
eoneerned. 

A furtber oiiteoiiie of tbe investi^ations on liaidej-ial soft rot of vegetables 
was tbe. publieation of J*rof. dones’ (dassieal pajxu-s deseriliinjr Bacillus 
(uirohnunns and sbowinj.!* tln‘ nnndianisin of its invitation of roltin**: by 
pi'odnetion of tb<* en/ynie, peetinase. wliieb dissolves tbe middle lamellae of 
tin* eell walls of tbe host plant. 

In RHll and 1904 periods of ‘jradiiate .study were sjient at tbe rniv(*rsity 
of IMiebi.L*an, from wbit*b In* r(*<'eiv(*d tbe Pli.]). deji'ree in 1Ji04. 

J*rofessor dones’ infiin'iiee at X'ermoiit extended far beyond tbe bonn- 
ilaries of bis sp(‘eial field. He Avas a trusted ('onns(‘lor. both of students 
and <'olleagues, and a b*adin^ spirit in tlie ’.IV of tbe rniversity. lie was 
the leatliny oi*L;aniz«‘r of tbe V(‘i*niont r>otanii'al t’lnb and tin* initiator and 
a J*resiib‘nt of tbe \’ermon1 For(‘stry Assoeiation. Tin* L. H. dojH*s State 
Forest of \’(’rm<»nt was named in reeoj^nitioii ol' liis serviees to forestI'v. 
He was a ieadei* ill tin* jnox <‘nienr that established ti'ainino in borne eeonoinies 
at X'erniont, and was biuJiJy instrnnn*n1al in startinii’ teaebei* t)*aininjL^ work 
tbei-c*. It is a tribute to his arromplisbments as a teaeber tliat be was asked 
to serv(‘ as the (ii*st Dean of the 1 )t*])artment ol‘ Teaebinjr. Tliis assi^niment 
was eari’ied in addition to bis other woj-k. 

Tn 1!K).U Frofessor dones was ralb^d to the Fniversity of Wiseonsin to 
found its l)e])artnieiit of Plant Pathology. Diftieiilt as it was to leave tbe 
frit'inls and assoriations in \’«*niiont, the ilecision was made (*asy, to use liis 
own ANonls, . . . '‘siiiee we could 1)\ i*eturninii‘ to Wist'ousin ]»ersoually 
renew onr earl,\ borne ass«»eiations and professionally me(*t tin* iiiereasin^ly 
evident resj)onsil)ility ol' <>]»eiiiji.!j tbns, in a jari»-ei* university ])art.jenlarly 
'>tron.u' in b(4anieal traditions and associations, oppoi-tnnilies for tbe li'aiii- 
inii' . . . of younjjei' men and women beyond those wbieb liad been ])0ssible 
to ns oi’ tbe oldtM* eejjfj-ation." To bis jm‘W' task, wliieb be took U]) on 
Febi*uai*y F PHO, be brouiilit tbe rare talents and devotion that were to 
will him rer'OLiiiition, not only as the dean of tbe i>1ant patbolojrists of bis 
lit'iieration, but also as ojie of the !i‘adt*rs of jiis lime in tbe broad field of 
biology and aorienllure. 

Ill* <*ombiiied the liijiliest ideals of selmlarsliij) with a fii’st-baiid tinder- 
standin^' of the ])rai*ti(*al ]n*eds of aj:i-ieultiire and a vital interest in the 
applieatioiis of seieiu'e to the service of mankind. He was rarely iiifted in 
nnd(‘rstandino: and inspiriinj’ both bis students and his eollea^iies, and jravo 
of himself without nvservation. IF* Iiad tbe vision and the ability to inte- 
^n-ate Ids new department elosely with related departments of tbe Fniversiry 
and Avitb tbe V. S. J)i*partinent of Ajrrieidture, always fosterinjr mutual 
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assistance and cooperation. From the be<»:inning it was his policy, insofar 
as possible, to send his students for basic training to the related depart¬ 
ments concerned, developing in plant pathology only research and such 
Sf)eeial courses as were deemed essential to sui)plement the basic training. 
Because of the close natural relationships of the two fields and the strength 
and cordial cooperation of the Department of Botany, work in plant pathol¬ 
ogy and botany Avas especiallj’ closely integrated. Much of the strength 
of the development in plant pathology was made possible by the si)lendid 
cooperation of Dr. B. A. Harper and his colleagues in the Department of 
Botany from the outset and hy their successors throughout the years. 

Professor Jones conceived of research as the central activity about Avhich 
to build his department. Only by competent research on the basic problems 
of plant disease development and control could the practical needs of agri¬ 
culture be met. Only upon the results of such research could adequate 
instruction be based. He kucAv that students learn best by doing, and 
early recognized the great advantages of closely integrating ])Ostgraduate 
teaching with tJie research program of the deparlnumt. N(*ver desirous of 
ambitious building.s or unnecessarily large apj)ro])riations, whose dangers 
he Avcll recognized, he Avas ever eariu'st in ui'ging X)rovision of the facilities 
and funds necessary for the etfective and economical development of the 
work of the departiiumi, and Avas exceptionally gifted in bringing together 
support from different sourees for attack on connnou problems. 

Students came to his laboratory from all over the Avorld and have gone 
forth to most of our states and to many foreign lands AAuth the benefits of 
his training and the stamp of his character. Tliongh his objective* Avas 
ahvays quality rather than (luaiitity. his departmeul has trained 145 stu¬ 
dents as majors in plant pathology Avho have been awarded the Ph.D. 
degree by the University of AVisconsin. Professor Jones believed strongl\ 
in the value of the ancient custom of luigration of students, and encouraged 
it, both in Avelcoming those from other institutions and conntrios and in 
advising his OAvn students to broaden their horizons by studies elsewhere. 
Similarly, no opportunity Avas missed to encourage exeliangc of visits Avitli 
qualified colleagues from other institutions. 

Though the time that Professor Jones could d(wote to ids individual 
researches in tin* years at Wisconsin Avas progressively lijidted In' the nnilti- 
plieity and weight of his other responsibilities, the quality of his Avork set a 
standard for all. In developing the research program, as in other lines of 
building the department, it Avas his method to select men carefully, assign 
their responsibilities, and then give them all possible freedom, support, and 
eneouragemenP in their Avork. • He realized that what he could accoraplislj 
by aiding in the th*v(*lopment of men, programs, and institutions Avould 
greatly ontAveigJi any personal research contribution be miglit ho]>e to make. 
Furthermore, his greatest satisfacthm Avas in assisting Ids students or c(»l- 
leagues to find themselves and in seeing their growth and accomplishments. 
He wa.-. scrnpulonsly careful to sec that all ]) 0 ssible des(u*ved credit went 



19461 


Keitt and Rand: Lewis Ralph Jones 


7 


to his students and associate's. Ilis contribution as director of the research 
work of his department and as a leader and counselor in the development 
of trends of research was of the highest importance. Notable examples, 
both of his personal research and l)is leadership in trends of research durini? 
the Wisconsin period, are Jiis contributions to the study of disease resistance 
in plants, including developmoit of disease-resistant varieties, and his w^ork 
on the influence ot* environment on plant diseases. The late Dr. E. J. 
Butler,- distinguished Director of the Imperial Mycological Institute (Kew, 
Surrey, England), poijited to the high-light of l^rofessor Jones' contribu¬ 
tion as follows: “There are three phases in the history of plant pathology: 
First, the j)eriod of de Bary, in which the fungus held first place; second, 
the period in which the liost received most attention; and finally, the present 
period in whicli <liscasc is considered as an interaction of both under the 
conditioning influence of the environment. The leader in this is Jones." 

Tlie d(*veloj)ment of his department was but one of Professor Jones’ 
great contributions during the Wisconsin phase of liis career. His knowl¬ 
edge and cxpcrieuc(', breadth of vision, wisdom, and rare constructive abili¬ 
ties were constantly in demand. 

He contributi'd generously to the broader aspects of the development of 
the rniversity. He was one (»f the founders and leading spirits of the 
Graduate Biological Division, a faculty group simntaneously organized to 
foster graduate work and related interests in the field of the biological 
sciences. He served on major committee's of the University dealing with 
institutional polieies, and his counsel was widely sought and highly regarded. 

llis contributions outside the University were varied and highly signifi¬ 
cant. (hie of special interest to readers of Phytopathology was his services 
to our Society, its mcndicrs, and its journal. He was one of the founders 
and charter members of the American Phytojiathological Society, its first 
president (1909), tin* first (‘dilOT’-iii-eliiof of I'hytopathology (1911-14), and 
a life-long inspiring leader in the w<Tk of the Society. lie contributed 
largely to the rapid and sound develoiunent of the Society and to the vital¬ 
ity, }»raclicality, and geiienms spirit of co(»peration and service that have 
eiiaracterized it. 

Pi'ofessor Jones was also one of the leading sjurits in the Botanical 
Soeiety td* Aiiu'riea. lb* served as vi('e-president in ]910 and president in 
191J. IB* was a member nf the eommittee apjminted to establish a journal 
for this society (191J) and s(*i'ved ou the Edit<»rinl Committee of the Ameri- 
<'au Journal of Botany (1914 Jb and 1919-21). 

At the end of the first world war. when many major responsibilities for 
scientific leadershi]) shifted from Euro}>e to America, Professor Jones' 
school of plant pathology at AViseonsin was fully establislied and he was 
ready and able to contribute largely to leadership in the broad field of 
biology and agriculture. He rendered valuable services through his rela- 

- From remarks made at Die l)niK|iiet given in of Professor Jones by his 

former students at Ithaca, jS. Y., August IS*. IsejO. as recorded P. A. Hand. 
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tions ill the National Academy of Sciences and tlie National Research Coun¬ 
cil, serving in the latter as vice-chairman of the Division of Biology and 
Agriculture from 1919 to 1921 and chairman in 1922. He was one of Ihe 
founders of the Tropical Plant Research Foundation and served as president 
from 1924 to 1943. He was one of the organizers of the Boyce Thompson 
Institute for Plant Research and served on its Board for the rest of his life. 
In 1943 he was appointed by President Roosevelt to the Science Advisory 
Board. 

There w^ere many other special services or missions during these busy 
years. He found time while president of the Tropical Plant lit?searcli Foun¬ 
dation to go to Cuba as adviser on problems of sugar-cane (Milture. In 1926 
he went to the Hawaiian Islands as consultant on pi*oblems of pineapple cul¬ 
ture. lie A’isited Puerto Rico in 1930 as adviser on agricultural develop¬ 
ments. In 1930, he made an extensive lour of Europe and European Rus¬ 
sia, visiting leading laboratories, conferring with colleagues, and renewing 
associations with his former students. This visit inclu(b‘d particii>ating in 
the Fifth International Botanical Congress (Cambridge, England), where 
he served as Chairman of the Section of Mycolr.iry and Plant Pathology. In 
1931 and 1932, he traveled extensively with similar ])urposes in the Far 
East and the Islands of the Pacific, with special attention to Ja])an, Korea, 
China, the Philippine Islands, and Hawaii. 

Professor Jones had the* richly deserved good fortune to be greatly 
appreciated during his lifetime, receiving many honors at home and abroad. 
A list of his affiliations and honors is given on a later page. 

An unusual honor that touched him very deeply was the reunion bampiet 
given in his appreciation on the occasion of the lu'csentation of his portrait 
to the Universit.y of Wisconsin by his former students, at tin* International 
Congress of Plant Sciences at Ithaca, X. Y., on August 19, 1926. High 
tributes for his many-sided contribution were i)aid by W. A. Orton, A. (I. 
Johnson, I. E. Melhus, H. A. Edsoii, and 0. W. Keitt, representing his 
former students, L. H. Bailey, R. A. Harper, and Erwin F. Smith, repre¬ 
senting colleagues in the United States, and O. Appel and E. J. Butler, 
rei)reseiiting colleagues abroad. With the portrait were presented 22 vol- 
Times of the ('ollected works of his stiulents since 1910 to supplement the 
seven volumes that had been presented him when he left tln^ University of 
Vermont. It is unfortunate that limitations of space ])revent inclusion of 
an account of the substance of these tributes and of Professor .Jones’ re- 
.sponse. It must suffice to include his closing remarks, which so well illus¬ 
trate his ideal of service through science. 

**Watching the trend in modern scientific developments as 1 have, I 
wish to warn you of one of the subtlest dangers facing you collectively as 
well as individually. I refer to the danger of imofessionalism. If you 
understand my meaning I think you will agree that with the present out¬ 
look, and especially in a young, rapidly developing country like ours, it is 
impossible to escaj>e this danger altogether. You Vermont boys need only 
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to revision that ^Hvat amateur botanist, Dr. Prinj^le, to understand what I 
mean by tJie sf)irit of amateurism as eompared with professionalism—the 
devotion of one who is woj*kin<i^ for the love of seieiiee rather than for a 
livinjr through scienee. And in AVisconsin w(‘ are iiappy in having another 
sueh in Dr. Davis. T^nfortunately, tlie tenifdation to time-serving profes¬ 
sionalism is stroiif^er today lhan it was a generatiojj a^ro, when, for example, 
in the entire membershi]) of the Vermont Botanical Club I was perhaps the 
only one who was paid for studyinjr plants. 

‘‘But, fortunate»ly, on the other hand, the objectionable aspect of pro¬ 
fessionalism need not follow simply because one receives a livinjr wajze as a 
botanist. Quite as fortunately, the danjrers are in no wise proportioned to 
the siz(* of the salary. It all de]>(‘nds upon one’s attitude toward his work. 
J have no fear as to this if avc can only continue in the spirit in which L am 
sure you all have bejjrun—^the spirit of devoted scientific service. I like to 
think of those in stat(^ or federal i)ositions in plant ])ath()lo<ry as holders of 
honorary fellowshi])s, as it wen*, for public service to society throufrh crea¬ 
tive work in the fiehl of the plant stdences. In this way the best of that 
charact(Tistie of the amateur spirit may be adecpiately perpetuated in our 
])roressioiial ^n'ou]), let it ^row to any size and sub-divide to any deg:ree of 
s])ecialization, 

The juvssures of l^*ofessor dones’ scientific responsibilities were not 
allowed mar the jrraciousness of his life. He was the kindest and most 
considerate (»f men, ever available to his students and his collea^i^ues for 
wise and sym])atheti(* counsel. Ilis students were ahvays Avelcome in his 
home, and many of th(‘ir hapt>i<\st memorii^s center about his hospitable fire¬ 
side. Always k(*enly interested and active in the cultural, civic, and re- 
li^dous life of his community, he was a member of the TJniversity Heijrhts 
Toetry Club, the Aladison Literary Club, the TTiiversity Club, the Rotary 
Club, the ]\lasoni(‘ Fraternity, and the Conj^H’cjrational Church. 

On duly 27, 1929, he married Anna M. Clark, one of his former students 
at Vermont, avIio sui’vives him. A distin*ruished teacher in her own ri^ht, 
she shared fully in his int(*rests, friendships, and hospitality; and after the 
condition of his health j-equired restriction of activities her lovinjr care and 
<M)nji^t‘nial companionship made his twilight years very happy ones. 

In 1920, Profi'ssor dones resiirned the chairmanship of his de])artjnent 
and asked to be ])ut on part-time servire in the University, in order to free 
additional time for travel and his outside scientific*, responsibililes. Ho 
r(‘tij‘ed from active s(*rvice in 1925, but continued to carry important respon¬ 
sibilities in the National Acatlemy of Sciences and as committee man, trus¬ 
tee*, and counselor. The leisure of his later years permitted much of the 
travel that he and Airs, dones so much enjoyed. Always central in their 
trav(*l i)lans was the eontinuation of his lonfr-established custom of visitirifr 
eolleaj.'ues and former students, ever radiatinjr encoura^(‘inent, inspiration, 
and j?ood cheer. Except when interrupted by more extejided travels, the 
winters were usually spent in Florida and the summers at Mrs. Jones’ 
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ancestral home in Brookfield, Vermont, with a spring visit to Madison. In 
the winter of 1941, Professor Jones developed a heart condition that neces¬ 
sitated some restrictions of his activities. Nevertheless, he continued to 
enjoy very good general health and retained his keen interests and kind 
and happy associations to the last. 

An event that touched him very deepl 3 '^ and is a lasting satisfaction to 
his many' friends was tlie receipt upon his eightieth birthday of some 250 
letters of affection and appreciation from former students and other friends 
from all over the world. 

He passed awa.y peacefully in his sleep during the night of March 31, 
1945. He had been mucli interested for several days in formulating plans 
with Mrs. Jones for the coming montlis. Apparently he had no premoni¬ 
tions and suffered no pain. 

Funeral services W'ere hold at tlie Congregational Church at Madison, of 
wiiich he had been a member for 35 years, and interment was in the family 
lot at Brandon. 

Though his j^ej-sonal rcNcarches were of t]w first rank, Prof(‘ssor Jones’ 
greatest contribution was tlie impress he made ^n the lives of oth(‘rs and 
the constructive iiifiuence he exerted on institutions and programs of edu¬ 
cation and research in a critical formative ])liase of their develoiinient in 
North America. What he did was possible onlv^ because of what he was. 
His integrity and unswerving devotion to the highest ideals of science and 
of life, his clarity of vision and steadfastness of jinrpose, his dei‘p and sym¬ 
pathetic understanding of human relations, and his uni’ailing kindness and 
untiring devotion to the service of others were a lasting ins])iration to those 
Avho had associations w ith him. He will long be remembered for his leader¬ 
ship in science and his example in life. 
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20: 347-355. 190l»-07 (1908). 

The damping off of coniferous seedlings. Tn Vt. Agr. Exp. Stat. Ann. Rept. 20: 342-347 
1906-07 (1908) ; abstracted in Bull. 136: 205-206. 1908. 
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Forest planting in Vermont. Vt. Agr. Exp. IStat. liiill. 132: 11-24. 1908 (with 0. K. 

Pettis). 

Progress in forestry movement. (Abst.) Vt. Bot. Club Bull. 3: 11-12. 1908. 

Forestry in Vermont. Forestry Quarterly, 6: 234- 2.3(5. 1908. 

7’rweA: Crops 

[Onion smut and mildew.J hi \t. Agr. Exp. Stat. Ann. Kept. 4: 141. 1890 (1891); 

9: 113-115. 1895 (1890); 10: 01-62. 1890-97. 

(The) relation of soil temperature and other fae,t(»rs to onion smut infection. (Abst.) 
Phytojiath. 11: 52-53. 11521, and dour. Agr. K-cs. [IT.S. | 22: 235-202. 1921 (with 

J. C. Walkee). 

Lettuce mildew and lettuce rot. In Vt. Agr. Exp. Stat. Ann. Kept. 5: 141. 1891 (1802). 

(Ireen-house diseases, hi Vt. .\gr. K\i>. Stat. Ann. Kept. 6: 84-88. 1892 (1893). 

[Asparagus rust and cabbage elub-root reported.] hi Vt. Agr. Exp. Stat. Ann. Kept. 11: 

200-201. 1897-98 (Avith W. A. Okton). 

Spot disease of cucumbers. In Vt. Agr. Ex}». Stat. Ann. Kept. 5: 84. 1892-93. 

Angular Jeaf-s|>ot of cucumber. Phytoj»atb. 11: 297-298. 1921 (with S. I*. Doolittek). 

Truck crop diseases and their control. Amer. Florist 47: 544-545. 1910. 

Tilt Soft Hut liactiria 

A soft nd of carrot and other vegetables. In Vt. Agr. Exp. Stat. Ann. Kept. 13; 299 - 
332. 1899-1900 (1901). 

Bacillus carotovorus n. sp., die Ursachc ciner weielien Faulnis der Miihre. Centralbl. 

Bakt. usw., 11. Abt., 7; 12-21 and 01-08. 1901. 

Studies upon the cytoIiA'drolvtic enzymes produced l»v soft rot bacteria. Science 17: 404- 
405. 1903. 

Studien iiber die cytohydrolyt ischen Enzyme, die divch die Bakterieii, welche weicdio 
Faulnis bewirkeii, erzeugt werdeu. Centralbl. Bakt. usw., II. Abt., 10: 740-747. 
1903. 

The cytolytic enzyme* produc(‘d by Bacillus carotOA’orus and certain other soft rot bacteria. 

(Vutralbl. Bakt. usw., JI. Abt., 14: 257-272. 1905. 

Pectiiuise, the cytolytic enzyme produced by Bacillus carotovorus and e<‘rtain other soft- 
rot organisms. N. Y. (Cbuuwa) Agr. Ex]). Stat. Tech. Bull. 11 (Part ID: 2S9-;9i8. 
1909; also Vt. Agr. Exp. Slat. Bull. 147 (Part 11 j : 281 -360. 1909 (1910). 

CahVage 

Club-root and black rot—I avo disca.ses of the eabbago ami turnip. Vt. Agr. Exp. Stat. 
Bull. (iO: 1-16. 1898. 

Trouble with cabbages. Vt. Agr. Exp. Stat. Press Bull. Aug. IS, 1900. 

Th(' possil»ilitit*s of disease resistance in cabbage. (.Vbst.) Ehytitpath. 3; 71. 1913. 

Progress in developing diseaseresistant cabbage. ».'\bst.) Phytopalh. 4: 47-48. 1914. 

Third progress report on fusarium iesistanl cabl)age. (Abst.) 10(yto[>ath. 4: 404. 1914. 

The control of cabbage veliows through disease reshstance. Wis. Agr. Exp. Stat. Ite^. 
Bull. 38. 1915 (witii .1. (\ (iiL.MAX). 

Fourth progre.s.s report on Fii.sarium re.sistant cabbage. (Abst.) Phyto]>ath. 6: 102. 191(5. 

Cabbage disca.ses. TJ. S. Bept. Agr, Fanners’ Bull. 925. 1918, and revi.sed a^^ Farmers’ 

Bull. 1351. 1923 (with L. L. IIakter). 

Disease resistance in cabbage. I’roe. Xat. Acad. Sci. j E.S. ] 4: 42-4(5. 1918. 

Fifth ])rogress report on Fusarium-resistant calibage. (Abst.) Phytopath. 10: (54. lt»20 

with J. (’. Walker and W. B. Tisdm.e). 

Fusarium resistant cabbage. Wis. Agr. Exp. Stat. Kes. Bull. 48. 1920 ("with d. C. 

Walker and W. B. Tisdale). 

Work u})on I'lisariiim-iosistant cabbage in 1922. (Abst.) I'hytnpatli. 13: .■)7. 1923 

(with J. C. W-M.KER and E. 0. Tnis). 

Yellows-resistant cabbage varieties. Seed W<»r]d 13(3): 20 21. 1923 (with J. C. 

Walker). 

Fusarium resistant cabbage: I’rogress with second earlv varieti<‘s. Jour. Agr. Kes. j E.S. j 
30: 1027-1034. 1925 (with J. i\ Wvlker :iml .l.‘ATovTEmi, Jr.). 

Science helps grow truck crops: Disease resistance developed from Wisconsin experiments. 
WL-^. Agriculturist 50: 181, 201. 192f5. 

Oruoinrniiils 

Some studies upon carnation rust. In Vt. Agr. Exp. Slat. Ann. Kept. 8: 115-118. 1894 

(1895). 

Fros5 iipcrosis of tulip leaves. Phytofiath. 9: 47.5-476. 1919 (with M. Miller). 
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Stu<lies upoji the Fiisniium wilt (»f wstM*. (Abst.) Pliytopatli, 18: 150. 1928 (with 

Regina S. Biker). 

ProgrcHs with tho cojitrol of astor wilt and yellows. (Abst.) Phytopath. 19: 101. 1929 

(with Begina S. Biker). 

Purtlier progress with the control of aster wilt and yellows. (Abst.) Phytopath. 20: 129. 
lO.'lO (with Begi>m 8. Biker). 

Wisconsin studies on aster diseases and their control. Wis. Agr. Exp. Stat. Bes. Bull, 
in. 1931 (with Begina 8. Biker';. 

Two stem cankers of the China aster. 'Abst.) Phytopath. 23: 20. 1933 (with Begina 

S. Riker). 

Fusarium strains in relation to wilt of China aster. (Abst.) Phytopath. 23: 29 - 30 . 1933, 

and 25: 733-747. 1935 (with Rfgtna 8. Biker). 

KcoJoffiral lit lotions of Plant Disrasf s 

Relation of weather of 1894 to ]dant diseases. J 71 Vt. Agr. Exp. Stat. Bull. 44: 82. 
1894 (1895). 

ijnpoitanec' of sauil.'itiroi in tin* ctuirrol of eertain j)laiit diseases. (Abst.) Phyto[>atlj. 
2: 40. 1912. 

Soil temperatures as a factor in ]»liyt<»pathology. Plant World 20: 229-237. 1917. 

Experimental work on the relation of soil temperature to disease in plants. Wis. Acad. 

8 ci., Arts and Letters, Trans. 20: 433-459. 1921. 

Till* influence of soil tein])eratiir<* upon the develojnnent of flax wilt. Phytojiath. 12: 
409-413. 1922 (willi W. H. Tisdale). 

Th(^ relation of (‘iivironmoiit to disease in pl.ants. Amer. Jour. Bot. 11: 601-609. 1924. 
The r<*lation of fungi to soil deterioration. Jour. Amer. 80 c. Agroii. 18: 150-153. 1926. 
Essimtial factors in de.structive ]»]aiit <li.sease development. Proc. Internal. Cong. Plant 
8 ci. (Fenirlli Jntevnat. Bot. Cong.;. Ithaca, X. Y., Aug. 16-23, 1926, Vol. 2: 1284- 
1298. 1929. 

Wisconsin studies upon the relation of .soil teunperature to ])lant disease. Wis. Agr. Exp. 

8 iat. B<‘s. Bull. 71. lt>26 fwith Jame.s Johnson and J\mes G. Pickson). 

The relation of environment to disease in plants. Fifth Jnternat, Bot. Cong., Cambridge, 
I'liglaad, .\ug. l<»- 2 ‘-!, HClo, Ih'pt. Proc., p. ;i46 .*M7. 1931. 

Lifihhiinfj Injury 

T/igliliiing ill jury to eotton and jiotato ]dants. fAbst.) Phytopath. 4: 406. 1914, and 

V. S. Weather Rev. 43: 135. 1915 (with W. W. Gilbert). 

Lightning injury to polab^ and eotbui plants. Phytopath. 5: 94-102. (with W. W. 

tdLHERT), and **c(»rrection,’’ ]>. 197-198. 1915. 

Lightning injury to kale. l‘hyto])ath. 7: 140-142. 1917. 

Lightning injury to crops. Itecurds nbsevvatioiis. (Abst.) Phytopath. 8 : 80. 1918 

(with W. \V. fiiLBERT and M. W. (J\rdner). 

Lialilning injury to lierbaemuN ]d;nn'-. IMixtopath. 8 : 270-282. 1918 (with W. W. 

(’.11 ,BET{T ). 

J *ln u t Path oh ani —3/ isctllayieous 

[Seasonal not»‘s on plant diseases, j In Yt. .\gr. Exp. Stat. Ann. Ropt. 4: 142-144. 1890 

(1891); 16: 15.3-155. J902-03, 17: ;i83-386. 1903-04 (1905), and 18: 267-271. 

19(M u.t v^vitll \V. ,J. Mouse); 19: 227-2:’.6. 1905-06 (1907), and Bull. 142; 104- 

109. 1909 (with X. J. Giddtngs). 

Ib-niedii's 1 '(»r plant diseases. Vt. Agr. F.\p. Stat. Speeial Bull., 6 p. Jan., 1892. 

The ft rroe\aiiiile test for Boide.jux mixture. Garden and Forest 7: 497. 1894. 

Spi.jy calendars. Vt. .\gi’. I’Ap. Stat.. A]»r., 1890; Mar.. 1897 : Speeial Bull., 4 p. Mar., 
1900; and Broadsitle, Ajn., 1906. 

I'lant <iiseases. Agr. of .Mass., State Bd. Agr., Ann. Bept. 54: 21-48. 1906 (1907) ; Yt. 

Agr. Be]>t., (\mnnis. Agr. State Vt. 1: 99-103. 1909. 

I'ln* rehitituis of plant patliologv to the ntlier branches of botanical science. Phvtomith 
1: 30-44. 1911. 

I’roblems and jirogress in plant pathology. Amer. Jour. Bot. 1: 97-111. 1914; reprinted 

i)i Siuithsn. Inst. .\nn. Rept. 1914: 4U7—419. 1915. 

Fungous troubles. \Vis. State Hurt. 80 c., Ann. Rept. 45: 65-68. 1914-15. 

Disease rt‘sistaiice in plants. Proe. Ami. (3>nv. Amer. Seed Trade Assoe. 35: 5,3-57. 1917. 
Some rcHicnt advances in plant pathology. School Science and Math. 17: 95-100. 1917. 

Our Journal, PTn^TOFATBOLOGY. Phytopath. 9: 159-164. 1919. 

The ]irevention of plant diseases. X. A'. State TTort. Soc., Proc. 67: 275-281. 1922. 

Securing disease resistant plants: ILnv important is it? Whose job is it? Science 63; 
341-345, 1926. 
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Disease in plants and its control. Peking Nat. Hist. Bull. 6(3): 83~84. 1932. 

Disease resistance in ]>lants. Philippine AgriculturiMt 22; 459-464. 1933. 

Botany 

A partial list of the pai’asitic fungi of Vermont. In Vt. Agr. Exp. Stat. i\nn. Kept. 11; 
201-219. 1897-98 (with W. A. Okton). 

A second partial list of the parasitic fungi of Vermont. In Vt. Agr. Exp. »Stnt. Ann. Kept. 
12; 164-182. 1898-99 (with W. A. Orton). 

The trees of Vermont. Vt. Agr. Exp. Stat. Bull. 73; 35-86. 1899 (By Anna M. Clark, 

with introduction by L. It. Jones, ^‘prepared under the direction of L. K. Jones, 
edited by Clifton D. Howe and W. W. Eggleston.’’); reprinted Jis Vt. Agr. Keiit., 
State Bd. Agr. 19: 151-202. 1899; Burlington Edition, ‘‘With notes on the trees 

of Burlington and vicinity, by L. K. Jones,” issued as “Contributions to the. Botany 
of Vermont, V,” p. 34-86. 1899, pub. by Bot. Dept., TIniv. Vt.; Circ. Educ. Inf. 

No. 11. Prepared for teachers and school oftieors, Dept. Edue., State A"t., Mont¬ 
pelier, Nature Htudy, II, p. 19-70. 1901. 

Flora of Vermont: A list of the fern and seed plants growing without cultivation. Suppl. 
to Twentieth Vt, Agr. Kept., State Hd. Agr., p. i-xii i 1-113. !89J>-19(Ki (1900 }, 

also issued as Contributions to the Botany of Vermont, Vlll (with E7.ra Braixkri* 
and W. W. Eggleston). 

Vermont grasses and clovers. Vt. Agr. Exp. Stat. Bull. 94; 139-184. 1902. 

Vermont shrubs and woody vines. Vt. Agr. Exp. Stat, Bull. 145: 51-199. 1909 (with 

F. V. Kano, illus. by Mary Robinson). 

Areeuthobium pusiliim on a new host in Vermont. Rhodora 2 ; s-9. 1900. 

Daphne mezereum in Vermont. Rhodora 2; 142. 1900. 

Lathyrus tuberosus in Vermont. Rhodora 3: 230-231. 1901. 

Pogonia affiiiis in Vermont. Rhodora 4; 216-217. 1902. 

The Pringle and Frost herbaria at the University/ of A'erniont. Klutdora 4: 171-17 4. 
1902. 

Notes on Vermont grasses following Grav’s new manual. (.Vbsl.) Vl. Doi. Club Bull. 4; 
12-1.3. 1909. 

The Virmoni Botanical ('tub 

The history of the A’ermont Botanical Club. Vt. Bot. Club Bull. 1: 3- 1. 190(5. 

The Vermont Botanical Club. Rhodora 1: 77* 78. 1899. 

Field meeting of the Vermont Botanical Club. Kliodora 4: 189-UHh 19(t2. 

The eighth annual meeting of the Vermont Botanical t*lub. Kliodora 5: 120. 190.1. 

Vermont Botanical Club. Science 17; 591. 1903. 

The Vermont Botanical Club. Rhodora 8: 23-24. 1906; and Science 23; 39(0 1906. 

[Reports on the annual hold and ^\^llte^ meetings, j Vt. Bot. Club. Bull. 1: 4-5. 1906. 

Thirteenth aiimial winter iiiwting of the Vermont Botanical Club. Science 27: .llii" ;i 17. 
1908. 

Sci(ntific and Educational Eclationship.s 

Report of the Section on Horticulture and Botany. Proc. Fifteenth Ann. Clonv. Assoc. 

Agr. Colls, and Exp. Stat.s., T". S. Dept. Agr., Off. Exp. Stats. Bull. 115: 52-54. 1902. 
A plea for closer interrelations in our work. Science 38: 1-6. 1913. 

Graduate teaching and its relations to the work of the :igricultural exj)oriment statinu. 

Proc. Assoc. Amor. Agr. Colls, and Exp. Stats. 30: 172-177. 1916 ( 1917 i. 

Whetzel resigns headship -dj/plores juvsent svstem of administrative 1<‘nnre. Uhvtop.ith. 
12: 499-500. 1922. 

Kerb ICS 

Smith, Erwin F. Bacteria in relation to plant diseases. V\)l. 2. Phytupath. 1: 2o3-2(»4. 

1911, and Vol. 3. J’hytopath. 6: 77-7s. 1915. 

Smith, Erwin F., Brown, Nellii* A., and Mc(hjlloeh, Lucia. Tli(‘ structure and devidnp- 
mont of crown gall: A plant cancer. Pliytopath. 2: 275-276. 1912. 

Laboratory ontlimMH in Plant Pathology, By iJ, il. Whel/el, Lex K. Ilesler. (^las. T. 

Gregory, and W. Howard Rankin. Phytopatli. 8; 60 -61. 1918. 

Pasteur, The history of a mind. By Emile Diiclanx, translation by Erwin F. Smith and 
Florence Hc‘dg(*s. Science 52: 1.5-17. 1920. 

Laboratory outlines in plant pathology. By H. JI. Whetzel, ]j. K. Jleslcr, (\ J. i/.c., T.) 

Gregory, and W. H. Rankin. SfMjond edition. Phytopatli. 15: 432-433. 1925. 

Seymour, Arthur Bliss. Host index of tlie fmigi of North Am<‘rica. PhvtoT)atli. 20: 
.595-596. 1930. 

Th(.‘ oldest kiiowii plant virus disease. [Note on “A'inis diseases of plants and animals 
are each year attracting more attention,” and reference to “ Historical sketch of tulip 
mosaic or ‘breaking,’ tlie oldest known plant Aims disiuise.’’ by M. B. McKav and 
M. F. Warner. Nat. Hort. Mag. 12: 179-216. .July, 1933.]- Science 79: 385. 1934. 
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Biographical Sketches 

Work of C. 0. Priiiglo. VermonteT who originated vjiri<*ties of wlioat, oats and potatoes. 

New England Farmer 90(36) : 6. 1911. 

Eugene Waslihuni Eoark. Phytopalh. 11: 327. 1921 (with (x. W. Keitt). 

Professor Emmett KtuIJ Goff, Elmira, X. Y., 3852—Madison, Wiseonsin, 1902. Wis. 
Jlorticulturc 16: 111-112. 3926. 

To Erwin Frink Smith. Pliytopath. 18: 1-5. 1928 (with Wileiam JI. Welch and Fred¬ 

erick V. Rand). 

Erwin Frink Smith: 1854-3927. Jour. Baet. 16: 1-6. 1928 (with Frederick V. Rand). 

dohn Merle Coulter 11851-1928]. Science 70: 299-301. 1929 (with Otis W. Caldwell, 

Henry C. Cowles, William Crocker, and R. A. Harper). 

William Allen Orton: 1877-1930. Phytopath. 21: 1-11. 1931. 

Arthur Jaezewski: 1863-1932. Pliytopath. 23: 111-116. 3933. 

Arthur Bliss Seymour: 1859-1933. Mycologia 26: 279-290. 3934. 

Biographical Memoir of Erwin Frink Smith: 1854-1927. With synopsis of researches by 
Erwin F. Smith and bibliography by Frederick V. Rand. Nat. Acad. Sei. United 
State's Ainer. Biogr. Mem. Vol. XXT—^Pirst Mem., p. 1—71. 1939. 

Miscellaneous 

Wool and w’ool measurements, in. Vt. Agr. Exp. Stat. Ann. Rept. 4: 55-64. 1890 (1891) 

(with W. W. Cooke). 

Study of milk globules. In Vt. Agr. Exp. Stat. Ann. Rept. 4: 65-69. 1890 (1891). 

A llaematoeoeiMis for class demonstration of motile gameti's. (By title only.) Bot. Gaz. 
19: 382. 1894. 

A method of distributing fungi in pure culture.s. (Abst.) Bot. Gaz. 22: 244. 1896. 

Some o]>scrvations on European horticulture. Vt. State Ilort. Soc., Ann. Rept. 2: 46-48. 

(Siippl. to 1 t. Agr. I?<‘pt., State Bd. Agr., .\nn. Rept. 25) 1905. 

The iiriiiciplos of plant culture; a text for beginners in agriculture and horticulture. 
Eighth edition, xxii 4 295 i)p. Fig. 1-177. Macmillan Co., Now York, 1916 (E. 8. 
Goff, revised by J. G. Moore and Jones). 

Ameriea’s need fur plant researeh. Boyee Thom]>son Inst., Contrib. 1: 40-45. 1925. 

[Address of Tj. K. Jones—an honorary president of the eongress—at the official opening.] 
Third Jnternat. Cong. Microbiol., Ncav York, N. V., Sept. 2-9, 1939, Rept. of Proc., 
p. 28-29, 3940. 



INTERNAL CORK, A NEW DISEASE OF SWEET POTATO OF 
UNIDENTIFIED CAUSE^ 

C . .1 . X U S li A U M 

(Accepted for publication August 5, 1945) 

INTItODUCTlON 

In the spring of 1944 the oecuiTeiice of small ilark spots ivas observed 
ill the flesh of a few sweet potatoes (Ipomca batatas (L.) Lam., Porto Rieo 
variety) at the Edisto Experiment Station, m^ar 15la(*kville, S. C., as tliey 
were being cut and examined for fl(*sh color. At first the trouble seemed 
inconsequential and little attc^ntion was given to it. A few days later, how¬ 
ever, the same trouble was noted in a stored lot of sweet ]iotatoes near 
Orangeburg, S. C. Following this observation, aj>t>roximately 300 stored 
roots were selected from Edisto Station stocks and each root was cut in thin 
sections and carefullx' examined. A trace of spotting was found in about 
20 per cent of the roots. Further observations during the 11)44 harvest sea¬ 
son supported the view that a new and }v>tentially serious disease ot* the 
sweet potato existed. The purpose of this re])oi*t is to d(‘scribe tlie symj)loms 
of the disease, herein referred to as “internal cork,'" to give a pivliminary 
account of its occurrence in.Soiith ('arolina and to discuss certain unsu<*cess- 
ful attempts to determine its etiology. 

SYMPTOMS OP IXTEKNAL ( OKK 

The symptoms of internal cork are distiiUftive and are not likely to be 
confused with other types of sweet-potato flesh degeneral ion. The corky 
.spots may occur singly or in groups at any poiiit in the fleshy tissues. Tlnoe 
are no external signs except that cavities may form at points where spots 
occur near the surface, as shown in figure 1, A. Xumerous cases wcj-e ob¬ 
served, however, where s])Ots at the periphery of the root failed to cause 
cavity formation (Fig. 1, K). Although many spots liave been observed in 
the cortical zone just beneath the skin, none have ever been fouml (‘rnpting 
to form a surface lesion. Therefore, in most cases the disease* can only be 
detected by cutting the roots and, even then, it may be overlookcil unh‘ss 1bo 
roots are cut in thin slices. The alfected tissues, as shown in the longitudi¬ 
nal sections in figure 1, A, B, and D and in cross seelicms in i\ are irregular 
but definite in outline. In cross section the spots may rt‘ach a diameter of 
about 3 cm. and rarely (exceed 3 cm. in longitudinal section. WIumt several 
are grouped togelh(*r, however, a considerable ])ortion of tie* root may be 
involved. Such a case, the most severe yet noted, is shown in figure 1, D. 
The affected tissue is dark brown or sometimes nearly blai'k and is hard and 
corky. After exposure to the air for several hours the color generally fades 
to medium brown. After several days’ exposure, desic'cation and subse(juent 

1 Tcchriical contribution number J27 of the South (Viroliiiu Agrieultur.iJ Kxperirmuit 
Station. 
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shrinkage of surrounding? healthy tissues f?ives the spots a raised or bulged 
appearance. Internal cork tissues remain firm during cooking. If they are 
crushed between the teeth, a very slight bitter taste can sometimes be detected 
but the flavor of the surrounding healthy tissue is not noticeably affected. 



Pk;. 1 . lntiM n;i] cork of swivt potato in roots of the Porto Kico variety. A. Loiigi- 
tiidjiial s(‘ction showing a surface ea\ity associated with a corky area located at the 
p(M iplicry. P. Ijongitudinal section showing a iicriphernl spot without a cavity. C. Cross 
st'ctions sliowing the typical random distribution of internal cork in the fleshy tissues. 
I). A longilinlinal siction of a severely affected rout. Note the extensive necrotic areas 
which are probably aggregates of many individual spots. 

Micr()sc()i)ic cxainiiuition of scidions of eorky spots gave some indication 
of tlicir nature. Bits of swinM-potato flesh eontainijig corky sjuds were fixed 
in a forniol-acelic-alcohol mixture, hand-sectioned, stained with Delafield's 
hacinatoxylin, and nionnled in Enparal, The smallest spot examined was 
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composed of a necrotic area, 5 or (> celJs in diameter, located in parenchyma 
tissue. Larg;er spots (Pig. 1) showed an irregular central area of collapsed 
cells surrounded by a pliellem layer several cells thick. Cell walls in this 
layer stained red with Sudan IV, which indicates presence of suberin. The 
remains of disorganized xylem vessels sometimes were* found in the necrotic 
area. The time of appearance of necrosis, th(» exact point of its initiation 
or the probability of its development in storage has not been ascertained. 



Fig. 2. A photomicrograph of a cross section of flesh tissue of a Porto Rico sweet* 
potato root, showing the inarginnl area of an internal cork spot. Tin* central necrotic 
area, at the bottom, is siiparated from the healthy parenchyma tissue, at the top, by a 
phellem layer. 


OrCURKENCE 


During the 1944 harvest season samples of sweet potatoes were examined 
on many farms throughout the coastal plains region of South Carolina. In¬ 
ternal cork was found in nearly every locality visited, although it usually oe- 
curred only in trace junouuts. The disease was observed in the roots of 38 
different varieties and strains of sweet potatoes on trial at the PIdisto Plxperi- 
ment Station. It was also found indiscriminately in sweet potatoes harvested 
from numerous experimental plots wliere various cultural and nutritional 
treatments were under investigation. A random sample of 480 roots of the 
Porto Rico sweet potato was collected from several fields and ea(di root was 
examined and classified as to the incidence of internal cork. Thirty-nine 
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per cent of the roots were free from eork, 28 per cent liad a trace, 25 per cent 
had 5 or less spots per root, and the remaining 8 per cent contained more 
than 5. It was judged that about half of those in the last category, or about 
4 per cent, w^ould provoke an adverse consumer reaction. The disease was 
observed on the trimming belts at 3 dehydration plants, although it ^vas pres¬ 
ent in such small amounts that it apparently escaped the attention of the 
operators. 

ETIOLOOICAL STUDIES 

The possible existence of a pathogenic organism in internal cork tissues 
was first investigated. Forty-four stored Porto Rico roots, which showed 
interjial cork on sectioning, were surface disinfected. Then bits of corky 
tissue and adjacent flesli were removed asepticaJly and j)]ated on potato-dex¬ 
trose agar. Forty-one of the })lates remained sterile throughout a three- 
weeks period. The remaining 3 plates .showed colonies of an unidentified 
Fusarium. According to Dr. G. M. Armstrong,*^ however, it is not uncom¬ 
mon that Fusaria are recovered from apparently healthy sw^eet-potato tissue. 
Similar culture of corky tissue from 35 freshly harvested roots on both 
])otato-dextrose agar and sweet-potato-deeoction agar in the fall of 1044 gave 
negative results i?i every (?ase. Consequently the ])Ossibility that internal 
cork may be caused by a culturable i)athogen was dismissed. 

Tlie jmssibility that internal cork might, be due to boron deficiency was 
suggested by tlm resemblance in many respects of internal cork symptoms 
to those of internal black spoF of garden beet, a boron deiiciency disease. 
Therefore, sw<‘et potato(*s, grown in field plots which reetdved applications 
of borax at rates of 0, 5,10, 20 and 30 pounds per acre, respectively, in combi¬ 
nation with 3 levels of potassium on both limed and unlimed soils, were ex¬ 
amined. Although th(‘ plants had rcsptmded to the borax treatments and 
had symptoms ranging from severe deficiency to extreme toxicity, there was 
no (‘orrelation betw<*(*n rea(‘tion to borax and the incidence of internal cork. 
Inasmiu'h as the synipt(uns of sweet-potato flesh degeneration associated with 
a defici«*ni*y of boron^ were distinctly different from those of internal cork, 
the possibility that boron deficiency might be responsible for internal cork 
also was di,sea’’tied. 

In ord(*r to detej inine whether or not internal cork is transmitted from 
affected roots to a new crop [mxluced by })lants arising from them, several 
bushels of seed roots were cut in half and tho.se with corky spots were selected 
for bedding in an isolated bixl in the greenhouse. These seed pieces appar- 
(Uitly produced si)routs in the normal manner. Later a duplicate i)lot Avas 
j)lanted with vine cuttings taken from the original sprout-set plot. Similar 
plots wi're set adjacent to these with sprouts from an ordinary seed bed to 
serve as a check. All of the plots received the same fertilizer and cultural 
treatments. After harvest, samples were selected from each plot and exam- 

- Porsonnl coiniiuini< nlioii. 

Walker, J. C. Internal black s])Ot of garden beet. IMiyfopath. 29; 120-128. 1939. 

* Nusbaum, C\ J. Internal brown .sp(»t. a boron deficiency disease of sweet potato. 
Phytopath. In press. 
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ined carefully for the incidence of internal cork. The disease was more than 
twice as prevalent in the crop originating? from corky seed than from ordi¬ 
nary seed, as shown in table 1. Inasmuch as the internal cork status of the 
seed roots in the ordinary bed was not determined, tliese results are of doubt¬ 
ful significance. Nevertheless, suspicion is raiseil that the causal agent, 
whatever it may be, is root borne. 

TABLE 1.- —Ineidetirc of infernal cork in Porto Pico swa t potatoes prodncvd from 
sprouts and vine cuttirips originaiintj from ordinary and corky seed stocks, respectively 




Total 


Iin*idoiico of iiite 

rnalcork 


Seed 

Type of 

harvested 






stock 

transplant 

roots 

exam. 

Nom* 

la 

1 »1| ar 

4'' 

Imh'X' 



Ac. 


\o. 

A’/>. So, 

Ac. 


Ordinary 

S])roiits 

.‘iO 

l.^> 

10 

2 a 

0 

0.77 


Vino cuttings 


12 

12 

a 1 

o 

0.97 

Corky 

Sprouts 

30 

a 

H 

H f) 

0 

2.10 


Vine (Mittiiigs 

.{0 

0 

i 

0 0 

s 

2 .r>o 


“ Tra(*(*, only 1 spot per root. 

b Slight, 2 to 5 spots per root. 

c Weighted overage ot' scale, none to J, inclusive. ’ 

Severe, spots numerous. 

e Moderate, 5 to 10 spots per root. 

Throughout the 1944 growing season sweet-potato plants, growing in 
various fields, Avere examined frequently in an attempt to discover any above¬ 
ground sym])toms wJiich could be associated witli the i>i'odiiction of internal 
cork affected roots. AVhile the vines wore growing vigorously through Jiiid- 
season, nothing of a suspicious nature was observed. Late in the season, 
however, Avhen vine gnnvth began to decline, tlie older leaves near the crown 
of many plants showed consi)icuous pur])lish splotches, usually from about 
0.5 to 3.0 (*m. in diameter and scattered j)roinisc.uousJy over the ventral leaf 
surface. The areas AA’ere irregularly circular and were usually, but not 
always, in a ring design Avith green centers. Microscopic (examination of (In* 
affected portions of leav(\s, after clearing them in lactoplumol and staining 
AAuth acid fuchsin, faih^i to reveal any disorganization oT the leaf tissue>. 
This symptom was generally associated Avith the (leveloj)mcnt of corky roots 
but numerous exceptions Avere found. A possible (*orrclalion between ilie 
ring spot symptom and internal cork is indi(*ated luil has not been <‘stab- 
lished. 

DISCUSSION 

Both the origin of internal cork of sweet potato and the exa(*t extent of 
its occurrence are unknown. In South (Carolina it is a])j)arently Avid<‘sj)read, 
but at a relatively Ioav lev(‘l. Thus far only one impiiry concerning the dis¬ 
ease has been received by the writer. A farmer in Lnion bounty submitted 
typical specimens for diagnosis. 

The problem of the etiology of internal cork nmiains unsolved. Althougli 
only a few of the imssibilities haAT been investigated, the behavior of the 
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disease thus far suggests that a virus may be involved. Preliminary attempts 
to transmit the disease to ai)parentJy healthy sweet-i)otato plants and to 
various other c'rop plants is underway. 

SUMMAliY 

A new (iisease of sweet potato, referred to as internal eork was recognized 
for the first time in the spring of 1944. The symptoms are described. The 
disease was widespread but at a relatively low level in South Carolina during 
the 1944 season. The results here presented indicate that neither a cultura- 
ble patliogen nor boron deficiency arc involved and that the (tausaJ agent, as 
yet undet('rmineil, may j)ossibly be transmitted by diseased roots. A j)robable 
(*,orr(*lation between the late season occurrence of a ring-spot symptom ap¬ 
pearing on the older leaves of some plants and the development of corky 
roots was indicated but was not definitely established. The possibility that 
the dis(*as(‘ may be caused by a virus is suggested. These results are given 
as a ])reli!ninai*y re])ort while further experimental work is in progress. 

Edisto Exim:riment Station, 

Branch of Clemson College, 

Blackville, S. (\ 



EFFECT OF STORAGE CONDITIONS ON SURVIVAL OF 
COLLETOTRICIITTM GOSSYPII^ 

C. If. Arndt 

(Accepted for piibUeatioii August 11, 1945) 

In a study ut* tlie cifeet of storage eonditioiis on the retention of viability 
by cotton seed the use of seed naturally infested by the anthraenose fungus, 
Colletotrichum gossypii South., atforded an opportunity to study coinciden¬ 
tally the survival of the infesting fungus. The results herein reported sup¬ 
plement the earlier data of Lelinian (4) and Ludwig (5). The observed 
effect of the moisture content of the seed and tenip(*rature of storage should 
be of interest to individuals who may wish to )n*eserve undiminished for 
some time the viability of fungi naturally infesting seeds. The storage con¬ 
ditions and their effect on the viability of the seed have been described by 
Simpson (6). 


METHODS 

For use in this storage test two lots of cojton seed naturally inl'ested by 
the anthraenose fungus were obtained during the first week of October, 1937. 
One of the lots, Deltapine lla, was procured from a gin at P(‘ndleton, S. C.j 
within 3 days after picking. The secoml lot, Car(»linade] No. 2, was obtained 
from a gin at Westminster, S. C., within 10 days after picOdug. The initial 
moisture contents were 15.(i and 13 jier cent, resjxrtively. Each lot, after 
thorough mixing, was divided into five 100-11). portions, and an att(‘m])t was 
then made to adjust these j)ortious to moisture contents of 8, 10, 12. 14, and 
IG per cent. These jiercentages will be used to designat(‘ the moisture con¬ 
tents, altliougli the method of drying used gave actual moisture contents for 
the Carolinadel sub-lots of 7,2, 10.1, 12, 14.1, and 1G.5 per ce?it; and for tlie 
Deltapine sub-lots of 7.7, 10,1, 12.1, 14, and 15.G ])er cent. Additional mois¬ 
ture determinations were not made at the time of the tests reported in this 
paper. They were made, however, on 300-gm. samples which Juid been 
stored for 3 years in air-tight containers in a seed storage house at (^lemson, 
S. C. The increases in moisture content of tin* samples with 7.2 to 12.1 per 
cent initial moisture content did not exceed 0.4 per cent. The moisture con¬ 
tent of the sub-lots with initial contents of 14 and 14.1 jut cent liad increased 
to slightly above 15 per cent, and those at 15.G ajid Ifi.o per cent liad in¬ 
creased to about 20 per cent. 

To obtain moisture contents higher than the initial content, tin* reepusite 
amount of water was s|)rinkled over the seeds, which were thoroughly mixed, 
then and again after 2 consecutive 24-hr. periods. In the interim and until 

1 Tochnical contrilmtioii No. ](l8 of tho South ("arolina Agric'ulturul KxjKTiiiU'iit Stn- 
tion. iTivostigfitioii in cooi)(‘ratioii with tin* Division of Dolton ninj ()th(*r Fiber 

Drops ainl Diseases, Hnroaii of TUant Iiulustry, V. S. Department, of .\grieultiire. 
Aelaiowiodgnieijt is due CJ. W. T’.oozer, formerlv agcnit of the above Division, for teeliiiical 
assistance in this study. This study was planned and carried out in cooperation witli 
D. A!. Simpson, U. S. Cotton Field Station, Knoxville, Tcnn(*ssee. 
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l^Iaced in air-tight glass jars for storage, the seeds were kept in a moisture- 
proof eontaiiier. Lower moisture contents were obtained by drying the seed 
in wire-bottomed trays in a drying room through which slightly heated air 
(not exceeding 36® C ) was circulated. 

In order to obtain some information concerning the most convenient 
means of obtaining reproducible determinations of the moisture content of 
cotton seed, samples of the Carolinadel lot were dried in an electrically 
heated oven at 80®, 90®, and 100® C. At all 3 temperatures, there were com¬ 
parable very small losses u]) to and including the 12th day; and the mean 
moisture contents of the 3 samples dried at each of the 3 temperatures, if 
calculated from the d!\v weights obtained at 80®, 90®, and 100®, w'ould have 
been 11.8, 12.2, and 13.7 ])er cent, respectively. At 90®, there was relatively 
little change in w(*ight after 3 djiys. About 5 days were required to attain 
a relatively constant weight at the other 2 temperatures. Since it was im¬ 
possible. to judge from these data which temperature and i)eriod of drying 
gave the most nearly correct indication of the moisture content, a tempera¬ 
ture ol' 90® for 3 (lays was arbitrarily cho.sen for drying the seed on account 
of the ease of ohlaiuing a r(‘latively constant weight at this temperature. 
The moisture cont(‘Jits given by Simpson (6) are generally slightly lower 
than those given in this paper, since he dried his sami)les at 100® C. for 24 
hours and used the initial se(‘d w(?ights (dry weight plus w'ater) to calculate 
the moisture emit cuts. 

As soon as the moisture contents were adjusted, the seeds were placed in 
pint jars, which were s(‘aled with nibber gaskets. They were then sent to 
Sim|)son (6), who placed seeds of the 5 moisture contents of both lots in 
storage December, l!f37, at about 1®, 21®, 33® (\, and the fluctuating tem- 
]aM-atures of an unh<*at(vl seed-stoj’age house (in his papeu’ iTferred to as ‘‘air 
lem])('rature’’), in which the seed were subjected to the range of the air 
temperature of Knoxville, Tenn., about -20® to 36® C. The data for this 
]>ap(T were (jhtaimHi from samples rem(»ved from storage in December, 1938, 
May, 193n, jjjjd dune, 1943. 

To ascertain the survival of the anthraenose fungus, the s(*eds were germi- 
nat(Hl on wat(*r agar in t(\st tubes, as described previously (1). A tempera¬ 
ture of 23® 25 ’ (\ was maintained, sin(?e this is approximately the optimal 
lt‘mj>erature for the infection of cotton si^edlings by this fungus (1). Emer¬ 
gence of the j)rimary roots was well advanced after 3 days, and the coty¬ 
ledons began to (unerge from the testas after 5 days. The elongation of the 
hypocotyls usually made it necessary to remove the plugs on the 9th or 10th 
day. Final observations were made after 12 or 14 days of incubation. A 
s(»ed was consi(l(‘red to have germinated only when a typical primary root 
and liypocotyl were formed. Seeds forming i)rimary roots only were classi 
fled as non-germinating. Since Simpson (6) used the emergence of the radi¬ 
cle as a criterion of viability, the perccuitages of viable seeds reported by him 
are higher than those given in this paper for several sub-lots containing seeds 
wliicih formed radi(des but were unable to form normal seedlings. 
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The appearance of typical lesions on the liypocotyls or cotyledons was 
used as a criterion of the survival of the fungus without any implication as 
to whether the absence of lesions on the seedlings was due to the death of the 
mycelium of the fungus or a mere loss of its ability to infect the seedlings. 
All diseased seedlings with lesions atypical of those caused by Colleto- 
trichum gossypii were examined microscopically to ascertain the cause of 
such lesions. Since no seedling inoculations were attempted to ascertain 
whether this fungus may have survived on the seeds which did not germi¬ 
nate, there are no comparable data for the ^survival of the fungus in sub-lots 
with few or no viable seeds at the time of sampling. The data on seed via¬ 
bility have been fully discussed hy Simpson (6). 

RESULTS 


The elfect of varying moisture content of the seed on the survival of the 
anthracnose fungus at a given temperature is well shown in figure 1 by the 
percentages of infected seedlings for the sub-lots stored for o.f) >'ears at I'" C, 



14 16 e 10 

PER CENT MOISTURE CONTENT 


Fig. 1. Percentage germination of 2 lots of cotton seed of 8, 10, 32, 14, and Pl lu r 
cent moisture content after storage for 5.5 years at C. Also number of sei'dlings 
infected and killed by the antliracuose fungus per 100 seed germinated. 

For this temperature and storage period, more than 80 ])(u* cent of the seed- 
lings of the Caroliiiadel sub-lot of 8 per cent moisture content and of the 
DeJtapine sub-lots of 8, 10, and 12 per cent moisture <*oiitent were infeeted. 
For the Caroliiiadel sub-lots, however, there were successive reductions in 
the number of seedlings infected and killed by Hie antliracuiose fungus 
coincidentally with each incn'ase in moisture content from 8 to 14 per cent. 
Tile Deltapine sub-lots showed a similar reduction only with the increase in 
moisture (‘onteut from 12 to 14 per cent. Tiic [)(*rcciitages of seedlings in¬ 
fected were about the same for the Caroliiiadel sub-lots of 14 and 1() per (*ent 
moisture content; but, for the corresjamding DeJtapine sub-lots a sinalhT 
percentage of the seedlings of the 16 per cent than of the 14 per cent mois- 
turo-<‘Ontent sub-lot were infected and killed. 
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At the hijifher storage temperatures of 21®, 33°, and air, the fungus 
infected relatively few seedlings after 17 months of storage at all 5 moisture 
contents. For the sub-lots which showed no loss of seed viability after this 
storage period, the hitrhest percentage of infected seedlings was 20 for the 
Deltapine sub-lot of 8 j)er cent moisture content stored at 21° C. (Table 1). 
At air temperature, the highest infection was 14 i>er cent for the Carolinadel 
sub-lot of 12 per cent moisture content. Higher percentages of seedlings 
wore infected for two other sub-lots, Carolinadel of 12 per cent moisture con- 

1 .—The effect of the moisture content and the temperature of storage of 
rntirn seeds on their germination^ the percentage of seedlings infected^ hy the anihrac- 
nose fangnSy and the percentage of seedlings hilled afUr incuhalion for 12 days at 24^ C, 
Period of storage, 17 months 
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tent stor<»d at 33° and Deltapine ol' 14 per cent moisture eontoiil stored al nir 
temperature; but these two sub-lots had only 10 and 12 per cent, respee- 
livt'ly, viable seeds. 

A reduction in the survival of the aiithraenose fungus was also observed 
ill g(*rmination tests made after 12 months of storage, when the percentages 
of iufiM'ted seedlings were about the same, as those given in table 1 for 17 
mouths of storage. The }ierc<*ntages of infected seedlings after 12 months 
are, eonseipienlly, of interest only for two siib-lots of seed which showed a 
distiuet loss of viability by the fungus between tliese two dates of sampling, 
the ('aroliiiadel sub-lots of 8 per eent moisture content stored at 21° and air 
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temperature. After 12 months of storage, these two sub-lots had 51 and 37 
per cent, respectively^ of the seedlings infected; and after 17 months, 6 and 

11 per cent, respectively. The losses in viability of the fungus were much 
less for the corresponding Deltai>ine sub-lots with the percentages infected 
after 12 months being 25 and 18, respectively, and after 17 months, 20 and 
11, respectively. The generally higher survival of the anthracnose fungus 
in this study on seeds of relatively low moisture content and stored at a rela¬ 
tively low temperature coincides with the observations of Lehman (4) and 
Ludwig (5). 

The data of table 1 also indicate that the retention of seed viability w^as 
favored by relatively low seed moisture contents and temperatures. After 
storage for 17 months, 1° C. w^as the only temperature at w4iich the seeds of 
all 5 moisture contents showed Jio reduction in viability. Similarly, the 
seeds of 8 per cent moisture content were the only ones to retain their initial 
viability at all 4 temperatures. In addition, the seed of 10 per cent moisture 
content showed no loss of viability at 21^ and air temi)erature, but those of 

12 per cent sliow^d a slight lo.ss. Thus, the viability of both the seeds and 
the fungus was not greath' iuMiienced bv the jvoisture cojitent of seeds for 
a storage period of 17 months at 1® C., but the survival of the fungus was 
greatly reduced during this period of storage at the other temperatures and 
a moisture content of the seed not exceeding 10 per cent is essential for the 
retention of the original seed viability at 21'^. These results substantiate the 
earlier observations of Barre (2), Lehman (4), and Ludwig (5) to the effect 
that the viability of the anthracnose fungus naturally infesting eotton seeds 
under the usual storage conditions is generally Jess than that of t]u‘ seeds. 
This difference in the relative rate of the loss of viability durijig storage 
betw'een cotton seeds and the anthracnose fungus, lead to tlie recommenda¬ 
tion tliat seed which had been stored for 1 to 3 years be used for planting 
(2, 3). The necessity for the use of such s(‘ed has been sui)ersed(*d by the 
development of effective seed treatments. 

Additional data that indicated a belter survival of the anthra(*n(»se 
fungus at relatively low temp<‘raturcs and low' seed riioisture cont(*Hts w<*re 
obtained when isolating fungi from lesions on seedlings grown from seeds 
of these sub-lots removed from storage in 1941, or after 3.5 years, and 
planted in a field at Knoxville, Tenn. Sixty-nine seedlings wliicb developed 
from seeds stored at 1° C, and which had lesions on the hypocotyls were 
surface sterilized and placed on noii-iiutrient agar. Coticfotrichurn. gossifpil 
W'^as secured from 43 of these seedlings, and Fusariitm inoniliforinr from 20. 
C. gossypii was not found on a single one of 76 seedlings representative of 
those developing from seeds stored at the otljer temi)eratures. In Ibis field 
the mean seedling loss^ for the seeds stored at 21°, 33°, and air temperature 
was about 4 per cent (maximal 13.3 per cent); while the losses for the Caro- 
linaclel sub-lots of 8 to 14 per cent moisture content stored at 1° ranged from 
28 to 37 per cent, and those for the Deltapine from 45 to 62 per cent. The 

« Personal comniunicatioii, Mr. 1). M. Simpson. 
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losses for the sab-lots of 16 per cent moisture content stored at the same 
temperature were only i as larjre as those for the sub-lots of lower moisture 
contents. (Vnnparabh* data, previously published by Simpson (6, table 6), 
for a field plantin'^ in 1940 (after years of storatre) indicate a similar 
adverse effect of a hijrh seed moisture content on the survival of the anthrac- 
nose fungus. 

Fusanum monihformi was the j)redomiiiatinfr funjnis oji non-germinat¬ 
ing seeds, while small j)ercenla*res of seed were infected by AsperfjilluH spp., 
a (Uiavtommm an Ophtofriclnttn sjj., and several other unidentified funj^i. 
A Uhizopifs sp. was present on the seeds of 14 and 16 per cent moisture con¬ 
tent. All these fun^i may liave eontaminatcul the samples after their re¬ 
moval from the storajre ('ontainers. However, since they rex)resent the tyt)i- 
cal fungus flora of non-^nu'ininatinfr seeds, there is reason to believe that 
tln^se species survived stoi'a^re. 

SUMMAKV 

Portions of 2 lots of (-ottoji seed naturally infested by the anthracnose 
funjius, (^t)llrifftri(‘lnun flf^ssppn'^ were adjust(Ml to moisture contents of ap- 
ju’oxiinately S, 10. 12, 14, and 16 per cent. Samples of each moisture content 
of each i(»t were i)laced in storage at 1^, 21 \ aiid 33 ' (\, and also at the air 
temperatun* <d' Kuoxvilh*, Teiiii. After storajre for 12. 17, and 66 months, 
set'ds Trom the.s<* samples w(‘re ^^•erininateil at 24'^ to ascertain the survival of 
tin* funjrus. 

The survival of tJie funjrus, as indicated by the ])erceuta<;e of seedlings 
infected and killed, was undiminished after 12 and 17 months of storagre on 
only the seeds st<U'ed at 1 ’ 

Afttu* storage for o.-i years at 1 C., the funjjfus infected more than 75 per 
cent of the seedlin^’-s which developed from seeds stored at 8 per cent mois¬ 
ture content. A rcdiKM^d number of seediinj^s tended to be infected with 
each successive increase in tin* secil moisture contejit up to 16 ])er cent, at 
which moisture <*ont<'nt from lit to 27 |>er ccjit were infected. 

ruder the stora^^e coinlitioiis used, the anthracnose funjrus ijifestin<r the 
s<*eds t<mded to lose its ability to infect sc<Mllin<rs before there was appreciable 
loss of viability by the s(‘eds. 

l)Er.\i{TMENT or Hotanv, 

AoKic’rLTrKAE EM'Ekiment Station, 
pLEMSON, Sot’TIl (*AKOLlNA. 
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THE INTERNAL INFECTJON OF COTTON SEED AND THE 
LOSS OP A'lABILITY IN STORAGE' 

C . H . A R X D T 

^ Accci»ti‘(i for Aujiifust 11, li>4r>) 

lu earlier papers (1, 4) based on a eoopcrative ^stll(ly ol* eottoii seed stor¬ 
age, the adverse effect oI* high storage temperatures and high seed-moisture 
contents on the longevity of cotton seed and tlie anthraenose fungus infest¬ 
ing such seed Avas noted. Tlie results left umniswered the question as to 
whether Joss of viability of the se(»ds in storage was du(* primarily to auto- 
catalytic changes Avithin the see<ls or to infection of the seeds by micro¬ 
organisms. Both of these processes shoidd have been favored by tin* higher 
moisture contents and by the higher storage temperatures us(*d. The obser- 
A^ations rejiorted in this ]>aper Avere made to ascertain Avheth(*r miero-oi*gan- 
isms Avere generally present in the interior of the seeds at the beginning of 
seed deterioration, since their j)resence or absence should indicate the relative 
roles of infection and autoeatalytic changes.. 

METHODS 

Cotton s<vd from 2 .Nt<»rage tests Avere iiseil. In ojie test (1, 4) made 
under eontr<»lled conditions, p<»rtions of 2 lots of secnl, Carolinadtd and Delta- 
pine, Avere adjusted to api)roxiniatcly 8, 10, 12, 14, and 10 per cent moisture 
content and Avere then st(u*ed at 1", 21 XV' C., and at the air tem[)erature of 
Knoxville, Tenn. The other seeds Avere obtained from ’a coofXM'ativt^ locality- 
of-storage test, supervis(‘d b\ I). M. Simpson, in Avhicli [portions of a lot of 
Stoueville-2b seed Avere stored in ordinary seed lumses at 7 localities in the 
southern Cuited States, as listed in table 1. One-half of each original Ud 
of seed Avas acid-delinted. and th(» 4 bags of seed stored at each locality AV(»re : 
(a) fuzzy seed not treated, (^b) fuzzy seed treated Avith 2 j)er cent Cercsan. 
(c) acid-deliiited seed, and (d) acid-d<?linted se(*d treated with 2 per <'ent 
Ceresan. 

If geriiiliiatiofi tests juade by Simpsoji iiulicatcd h>ss of viability by a 
given sub-lot of seed, samples Avere sent the Avriter. Individual seeds Avere 
cultured in test tubes on sterile Avater agar at 24" C. (1). lu order to 
remove all external eontamiuatiou by miero orgajiisms Ixd'ore eulturiiig, the 
seeds not }>reviously delinted Avere acid-tlelinled, Avaslnnl in tap Asater, and 
air-dried. Immediately before they Avere ])la(*ed in the test tubes, all seeds 
AA’cre immersed for 2 ]iiimites in a solution of Ilgtd^ in 50 per eent ethanol 
(2.5 gm./l.), and Aven* then washed Avith sterile Avater. One hundred seeds 
Avere (fultnred for eacli sample a)id Avere observed for at least 2 Aveeks. 

1 Tecliuicni connilmtiini .\o. 122 of tin* S<iiit}i (Virolinn Agiicultiiral Kx[K*riinrnt 
Station. Invest: got ion injole in coopt* r:it ion with tin* Division of Cotton ;inil Otlier Fiber 
Crops and Diseases, Bureau of Plant Industry, {\ S. Dej)artnjent of Agrieulture. 
AeknoAvlcdgment is due (h W. Boozer, formerly agent of tin* above Division, f<u- teelmieal 
assistance in this study. Tins study was planned and carried otit in cooperation witli 
D. M. Simpsor, \ \ S. Cotton Field Station, Knoxville, Tennessee. 

an 
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The (levelopnitMit of a seed into a seedlinfj with a normal primary r(K)t, 
liypociotyl, and cotyledons was used as a criterion of normal {'ermination and 
correspondinpily oi a Jiormal viable seed. The loss of viability by the seeds 
was associated with the appeai-anee of abnormal seedlings which have been 
•rrouped info 2 classes to facilitate the presentation of the data: (a) those 


«/ Stonevillf-Sb cotton need after storage for M 

wonths tJi 7 different localiltes. Data arc based on the germination of 100 seeds 
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tliilt formed short radicles hut no evident liypoeotyls and Avhose cotyledons 
did not emer^^* from the testas; and M)) those that formed normal hypo- 
cotyls and (*otyledons hut did not form primary roots of normal lenp:th. The 
al»normal primary roids Avere usuaJly from 3 to (> cm. lonj^, and their apices 
were blunt and dark. AVheu normal cotyledons developed on such seedlinj^s 
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numerous seeoiulary roots were «:eueraUy i'oriued at tlie upper portion of the 
radicle and the base of the hypoeotyl, whieh permitted the eoiitiniied frrowth 
of the seedliiiji^s. Total j^eriiiinalion is used to desi«rna1e the pereentag^e (»1* 
seeds that formed radieles, rejrardless of the normality of sid)sef|iieiit dev(‘I- 
opment, and is eipiivalent to the ordinary usajre of this term in {Termination 
tests. The various kinds of abnormal seedlinjrs produced by the sub-lots, 
after a loss of viability was evident, are illustrated in fifrure 1. 



Fig. 1. Abnormal Hoedlings produrod bv cotton seed of 1l! por cont moisturo contont 
after storage for 28 months in a seed bouse at Knoxville, Teiin. Seedlings phot(»graplie(l 
lifter JO da vs ’ iiieubation at 24'^’ Normal seedling, upper left. 

KKStTLTS 

There were large difl'ereiUM^s in the rate of s<*t‘d deterioration among the 
7 localities in which the Stoiieville lot was stored (Table 1). The eonditions 
that may have been responsible for these ditfereiu*es will be diseussed by 
Simpson in a lat(‘r paper. The differenees in rates of d<‘terioration among 
the sub-lots of seed of several moistun* eontents stored at different tempera¬ 
tures were clearly related to both moisture content and temperature. Via- 
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bility wis lost more rapidly, in 4 iiioiitlis, in the lots of 19 per rent moisture 
content stored at 33*^ i\ (Table 2); while for seed of 8 per cent moisture 
(‘ontent stored at the same temperature, the viability was nndiniinished after 
5.0 years (1). The data of table 2 indicate an increase in the rate of deteri¬ 
oration with eaeh suc(M*ssive increase in the moisture eontent and tempera¬ 
ture for lots which are otherwise comjiarable. One sub-lot, K-l()--33 of table 

TABLE '2 .— riuntafic fit nninaliitn and tiijns ttf .stt tUuif/s ohtaiiicd from iwo loin 
of sftf! ttf pn dipt rati nod.sliirt nuittnlsi of tor ftfftraff/ al dijfrrrnt UmperafureH 
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•* Vjji'ictv A is : vriricty 11 is IVItapiiu*. dcsigiuitos a seed lot 

of (;.'n'orma(iol of P’» ]K‘r rout moisture content stored at 33*^ P. for 4 months. ‘‘Air’’ 
refers to the temperature of a seed house at Knoxville, Tenii. 

Based on lOe seeds. 

2. slutws an ai)])amitly lii^^lier ••eriiiinatinii aflor 17 Ilian after 12 months of 
storafre, lint iJie perciMitafre of normal seedlintrs was smaller after the longer 
storage jierioil. NVlieii there was little or no loss of viability, the percentages 
of normal seedlings for the sub-lots of table 2 approximate the iiereeutages 
of germination based on radicle protrusion reported by Simpson (4); but, 
after deterioration was evident, the percentages reporteil by Simpson ap- 
l>roximatc the sum of the normal ami abnormal seedlings of table 2. 
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The concurrent increase hi tJie percentaf»:e of abnormally germinatinj? 
seeds accompanying a loss of viability may be indicated by grouping the 
sub-lots of table 2 into 4 groups Avith the total percentage of viable seeds (a) 
more than 80, (b) between 60 and 80, (e) between 40 and 60, and (d) less 
than 40. For these 4 groups, the percentages of normal seedlings were 90, 
42, 38, and 32, respectively; the percentages of embryos that formed tops but 
had abnormal radicles were 3, 19, 26, and 17, respectively; and the jiercent- 
ages of embryos that formed only short radicles were 7, 39, 36, and 51, re¬ 
spectively. The same increase in the ])erccntage of abnormal seedlings was 
also shown by individual sub-lots. Thus, for sub-lot A-10-33 during the 
interval between sampling after 12 and 17 months, the total germination 
decreased from 87 to 72 per cent; wdiile the ])ercentage of seedlings with 
abnormal roots increased from 0 to 18 and the percentage which fornuul only 
radicles increased from 0 to 38. 

The small percentages of seedlings infected by micro-organisms indicated 
tiiat infection of the seeds w^as not the primary cause of the loss of viability. 
Less than 2 per cent of the seedlings obtained in the germination of seeds 
from the controlled-condition storage test w'cre infected; and lliese w’ere all 
seedlings with dark, bliuit apices, which were infected by a Pruivilliiim s/>. 
In the locality-of-storage test only 12 seedlings were infected, and these were 
abnormal seedlings with short radicles and without hypocotyls and coty¬ 
ledons that had devcloi)ed from seeds that had not been treated with Cer(‘san 
Table 1). 

The percentages of nonviable seeds w’hich were internally infected wei-e 
much higher than the jiereentages for the viable seeds, but generally not all 
were infected, as shown in table 3 for sub-lots A-10-33’12, A-10‘33-17, 
B-10-33~12, A-14-air-12, and B-14-21-17. Four of the sub-lots with no 
viable seed had practically all seeds infected; while a fifth lot, A~16“21-12. 
had only 68 per cent infected. The percentages of ijifected nonviable seeds 
were generally smaller in the locality-of-storage test than in the controlled- 
condition test, only 19 per cent of the 491 nonviable s(*eds of the former lieing 
infected (Table 1). The treatment of the seeds with Ceresan before storage 
did not prevent the infection of these seeds by fungi and bacteria, although 
a smaller percentage of the treated than of the untreated seeds w^as infected. 

The Deltapine sub-lot of 14 per cent moisture content stored at 21*^ i\ 
illustrates the increase in percentage of nonviable seeds infeeded with an 
increased length of storage. After 17 months of sloi*age only 7 ])er cent of 
the seed were infected (no infection of viable .se(‘ds), but after an additional 
n months of storage 50 i)er cent were infected. Similar increases are evi¬ 
dent for the sub-lots A-12-33, A-14—air, B-14-air, and A-14-21. 

The predominating fungus obtained from the infected nonviable seeds 
was a white-spore species of Aspt railluH. Yellow'- and bla<*.k-s})ore species 
of this genus were less abundant. Tlie genus PviiiciUuim, was represented 
by several species; a grayish-spore species was found most frequently, with 
yellow- and green-spore species found less frecpiently. As indicated in table 
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3, Diplodia theobromae was 1‘oiiiul only iu tin* Caroliiiailel sub-lot of 16 per 
cent moisture content after 4 months storage at 33° when 40 per cent 
were infected. This lot of seed was infested externally by this fungus at the 
start of the exi)eriment. Its failure to infect the nonviable seeds of the other 
sub-lots indicates that a relatively high tejnj)erature and a higli moisture 


TABLE 3 .—Tcrcrniafic of von-viahlc sf^c^s for ihr iiro lots of cotton seed list ad in 
table A? and the number of seeds per 100 seeds cnllund that were infected by several spe¬ 
cies of f unpi and hnetf ria 
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c.outent are esseniial for tlie infection of the seed by this fungus. "When first 
stored (1) both of these lots of seed were also iiifestetl by several species of 
Fusariiim and by CoJI< f of rich mu fjossifpH. The results (Table 3) show that 
the latter fungus was obtained from only 6 seeds after deterioration of the 
seed had started ; and Fusaria were obtained from only 2 seeds. Apparently, 
infeelioii of seeds by these fungi did not increase after storage or they were 
overgrown by various saproj>hytes. The seeds which were infected by fungi 
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also wore invariably infected by several species of bactei*ia, of wliicb the 
most common was a species which formed white colonies on agar. This same 
species was also the most prevalent of the bacteria which infected the seeds 
when tJiey were not infected by fungi. 

DISCUSSION 

The failure to demonstrate infection, by micro-organisms, of most of the 
abnormal seedlings and many of the nonviable seeds seems to indicate that 
tJie initial loss of viability was probably associated with autocatalyti(* proc¬ 
esses within the embryo itself, as described by Katon and Altschul (2). 
Since the meristem of the jirimary root was the first to lose its capacity for 
indefinite growth, this portion of the embryo is apparently more susceptible 
to injury by such ])rocesses than the other meristems. Similar injury has 
been noted in other studies in which seeds that had been stored in the labora¬ 
tory were germinated in sand culture. The first evidence of reduced via¬ 
bility was delayed emergence of a portion of tlie seedlings. The apices of 
the radicles of these seedlings were invariably blunt and dark. These seed¬ 
lings, in part, formed secondary roots at the base c/ the hyj)Ocotyl and upper 
portion of the primary root (Fig. 1). and they developed into normal plants. 
The more severely affected primary roots grew in almost any direction (at 
times even emerging from the sand) as if they had lost their cai)acity for 
normal geotropic resjionse. 

Although the data indicate that internal infection of the seeds by bac¬ 
teria and fungi could not have been the primary cause of the loss of viability 
of the seeds under the storage conditions of these studies, this does not apply 
necessarily to the sub-lots of 14 and 16 ])er cent moisture content store<i at 
33° (\ which lost their viability during the first 4 months of storage, and 
which were almost 100 per cent infected at the time of the first examination. 

The technique used in these studies did not eliminate the possibility tliat 
in certain instances the loss of viability may have been accelerated by the 
action of fungi and bacteria on the jieriplieral portions of the seed, if it may 
be assumed that the surface treatment of the seeds with H,,S 04 and the 
HgCl 2 solution killed or inhibited the growth of such fungi and bactei'ia, 
w^hen the seeds were cultured on water agar. This ))Ossibility seems to be 
definitely eliminated by the fact that the deterioration of the Ceresan-treated 
sub-lots in the locality-of-storage test was not greatly different from that of 
the untreated seed. Similarly, Robertson ei al. (3) found that tliere was 
little difference between the rate of deterioration of untreated and Oresan- 
treated barley, oats, ajid wdieat seed wliich had been stored at several relative 
humidities. 

SUMMARY 

Cotton seed in which there was a reduction of viability after storage were 
surface-sterilized and germinated under sterile conditions. In one study, 
seeds of 5 moisture contents were stored at 4 temperatures (1°, 21°, 33° C., 
and that of Knoxville, Tennessee) for periods of 4, 12, 17, and 28 months. 
In another study, seeds were stored in 7 localities in ordinary storage houses. 
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A ppr(*eiita{:>:e of the viable seeds, including those that formed 

abnormal seedlings, were infected by bacteria or fungi, and many of the non- 
viable seeds w^ere not infected, which indicates that micro-organisms are not 
necessarily the primary cause of the deterioration of cotton seed at ordinary 
storage temperatures when the initial moisture content of the seed is 14 per 
c(^nt or less. 

The onset of the loss of viability by the seeds was associated with the 
api>earance of abnormal seedlings. The various abnormalities indicated tliat 
tlie meristem of the i)rimai-y root was the first portion of the embryo to be 
injured during storage and to lose its capacity for indefinite groA\d:h, al¬ 
though it generally retained its capacity for limited growth longer than the 
meristem of the hypocotyl. Tlie primary roots of abnormal seedlings rarely 
developed beyond a huigth of 4 to 6 cm.; and their apices were generally 
blunt and discolored. 

Department of Hotany, 

Aoricultfral Experiment Station, 

(T.emson ('olle(je. South Carolina. 
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Hom: FACTORS INFLUEXCIXl^ CURLY TOP VIRUS 
COXCEXTRATIOX IX SUGAR RF:ETS 

N . .7 . Cl I T» 1) i \ <J s 1 

Arcfptfd for ^mblirotioii ,7nlv 1^4, im.*)) 

INTKODl’OTIOX 

In earlier studies on siiseeptibilit}' of sii«rar beet to the eurly-top disease 
(1) tliere was evidence sugg:esting that the virus eoneentration in infected 
resistant beets used as virus sources was lower than in infected i)laiits of tlic 
more susee]>tible varieties. It often happened that an ai^pree.iably lower 
percentage of test plants became infected when the vectors w^ere leafhoppers 
that had fed oii diseased, resistant ])]ants than whtni similar vectors had fed 
on diseased, susceptible plants. This was not gireji mucli consideration at 
that time because it was recognized that there Avere many other factors whi<‘h 
influence the amount of infection among test ])lants. As highly resistant 
varieties of sugar beet AV(‘re deveh»f)ed it a)>peared more important to deter¬ 
mine the relationship between resistance and virus .concentration. 

In 1929, Holmes (5) re])(»rted a convenient and accurate method of de¬ 
termining the relative concentrations of toba<*co mosaic virus, but no siiiiilar 
‘‘local lesion” method for use Avith the curly-top virus, Euffa rrrnfcnsu 
Carsner and Bennett, has been discovere<l. Lackey (H) reported that j*oot 
tips of curly-top infected sugar beets and of beans had a higher virus con¬ 
centration in the portion beloAv the protophloem sieve tubes than in portions 
just above that region. Using virus strain 1, lie reported (7) that the n»ot 
tips of resistant sugar beets had a higher Aims concentration than those of 
the susceptible beet. He also n^ported (S) that root tips of the susceptible 
bean A^ariety Bountiful had a liigher virus commentI'alion Avhen infected Avitli 
tlie more A irnJent strain 1 tlian Avhen infected Avith th(‘ Jess virnlent strain 4. 
but that in root tips of susceptible beets the less virnlent strain 4 reached a 
sonieAvhat greater concentration tliau strain 1. In all of these experiments 
he fed iionAurulifenms leafhoppers on juice fnnn the root tips to be tested 
and then caged them on young, susceptible sngar-b(‘et plants, using one 
leaf hopper to a ]»lant. 

aikthods 

X'onviruliferons J(»afhop])ers Avere fed for a short ])eriod upon ]))ants 
infected Avith a known Aims strain and hereafter designated as ‘*sonr(*e 
plants.” They Avere tlien transferred to healthy, young sugar-beet plants, 
one leafhopper being caged on each test plant. The percentage of plants 
Avhich be<*ame infended fi*om each source ]>lant was determined and it Avas 
assumed that such infe<dion data gave good evidence as to relative (*oin*en- 
trations of curly-top virus. 

J Se)\ior Piitliologis.t. division of Sugar FUant Tiivcstigatioiis, liureau of Plant Indus¬ 
try, Soils, aud .Agricultural Engineering, Agricultural Research Administration, IJiiitcd 
States Department of Agriculture. 
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Yoinij' adult leal'lioppers have l)e«‘ii more satisfai'tory than nymphs or 
old adults. Nymphs were sometimes found moiiltin^^ in the e.iifres on source 
plants and at this staj^e they may not feed for some lumrs. The older adults 
were likely to feed less than aetive nymphs oi* younjr adults and to <lie in 
greater numbers than the young adults. 

The sugar-beet varieties us(‘d as sonree ]>lants were the highly resistant 
S.Ij. ()8 and the very susceptible S.L. 842. The cui‘ly-top virus strains used 
were those j)reviously described (2) as strain 1 and strain 2. Each of these 
strains readily infects the resistant beet but neitber of them induces severe 
injury in this host. Plants of the resistant 8.1 j. b8 infe<*ted by strain 1 show 
vein clearing, occasional small paj)illae along the veins on the underside of 
the leaves and in many eases some rolling of the leaves (See (IR) in figure 
1). Plants of S.L. 88 infected by strain 2 show similar but less obvious 



Fkj. 1. furlv top symptoms on youii^ sugar beets JU) days after inoeiilatiori; 

ln'et variety S.Ij. 842 infected by vims strain 1 (1 >, beet variety S.Ij. G8 infected by virus 
stiMin 1 ni?and beet variety 842 infected by virus strain 2 (2). 


.N\ inj)touis. It is often ne(‘t‘ssary to look ratlier closely at plants of this 
1 ‘csistant variety infected with strain 2 to detect any symptoms. Plants of 
the susceptilde variety S.L. 842 are readily infected by either virus strain. 
In such |)Iants in lection by strain 1 causes extreme dwarfing and distortion 
of the foliage, while infection i)y strain 2 imlnces relatively little distortion 
or injury (Fig, 1). Symploiiis induced iii plants c»f the susceptible variety 
by strain 2 were similar to those induce<l in jdants of the resistant variety by 
strain 1. The .soun'e jdants selected for use were as nearly conijuirable as 
pi’a(‘ticable but differeni'es in severity id’ symptcniis were unavoidable. 

Feeding j)eriods »)f noiivirnliferous leafhopjiers on source jdants were 
varied from 13 minutes to 72 Imurs. For feeding |)criods of ten hours or 
h*ss the leafhoppei-s were caged on the source plants during the day. In 
the earlier experiments the source plants weiv kept in an auxiliary green¬ 
house wlicre the temperature rauiie miiiht he anywhere frmn 70^ to 100° F. 
A liigh tem})erature and a relatively short feeding j)eriod on the source 
plants apj)eared to give better results than longer feeding j^eriods at lower 
tem|>eratni-es. so llie last seven exjU'Hments were conducted with the souree 
j)lants in a spe<*ial fe(*ding chamber where il was jiossible to maintain a 
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temperature of about 300° F. A feeding period of two or three hours was 
found ade(iuate under these eonditions. 

Leafhoppei*s which had fed on the source plant to be tested for virus 
concentration were transferred to young sugar beet plants in the early two- 
leaf stage and permitted to feed on these for a week at ordinary greenhouse 
teni]>eratures rajiging from 60° to 90° F. Each test plant was inoculated 
through the cotyledon, using a small leaf cage atul one leaflH)p])er to a plant. 

The cnriy-top susceptible beet S.L. 842 was used as a test ])lant in every 
experiment and the highly resistant beet S.L. 68 was also used as a test plant 
in a number of experiments. All test plants were set out iji boxes 22 [ inches 
long by inches wide by 4J inches deep, iiiside dimensions, with 10 or 12 
plants arranged as five or six pairs lengthwise of the box. Inoculations Avere 
made in pairs so that each virus source occurred on plants adjacent to two 
other sources Avhich Avere to be compared AA'ith it and so that inoculations 
from the same soun'e did not always occur at the same ])ositioii in tiio box. 
This gaAT something approaching randomized arrangement of the test ])lants 
Avith different virus sources and assured com])arable results. 

EXPERIMENTAL W ORK ? 

The method used for determining virus concentration (-annot be consid- 
ered A^ery exact. In vieAv of this, and since there is abundant evidence of 
differences in virus concentration of individual soni‘(*e ])lants, it seems best 
not to include detailed data coA^cring each of tlie experiments. 

Report on a Typical Experiment, The detailed data from a re|>resenta- 
iiYe experiment are given in table 1. This table gives data to indh'ate rela¬ 
tive concejitratioii of curly-top virus in resistant soun^' plants and in sus¬ 
ceptible source ])lants. Plants 1 and 2 are considered as one ]>air of s(mrce 
plants, 3 and 4 as another pair, and so on. The concentration of virus strain 
1 Avas tested from tAvo i)airs of source plants and for three periods of feeding, 
making six paired tests. The concentration of virus strain 2 Avas tested 
from three pairs of s<mrce jdants and for thn*e periods of feeding, making 
nine paired tests. Each of these tests aars planned to include 24 plants and 
A^ariation from that number Avas due to death of an occasional plant. This 
experiment included the inoculation of 714 test plajits from 10 sour(*e plants. 

Relative virus concentrations in plants infected by strain 1 and in those 
infected by strain 2 are revealed in table 1 by consid(*ring plants 1 and 5 as 
one pair, 3 and 7 as another, 2 and 6 as another, anti 4 and 8 as another. 
Plants 9 and 10 cannot be considt'red for strain comparison as tlmy Avere 
each infected with strain 2. The data for this comparison were sctuired from 
571 test plants and from H source plants. In this case some data for com¬ 
paring concentrations of strains 1 and 2 Avere seiuired incidentally from an 
experiment set up primarily to determine possible virus concentration dif¬ 
ferences between the resistant and the susceptible source plants. Mnuy ex¬ 
periments A\Tre set u}> for the single purpose of comparing resistant source 
plants and susceptible source plants. Other experiments invoh'cd only 



TABLE 1.— I'npical svinmartf shnt from curljj-fop vinis cone* niration (.rpf rim* nis. Data from t*sfs of March 193^*, including 15 tests which 
cover 5 pairft of aonre* plants^ .J p* riods of ft * thug, an*i : strnina of virus, Tti^ts math upon goung plants of susc* piible sugar-hcft varictg S.L. 843 
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a Source plants 1 through 4 had been inoculated January 9, 1938, with virus strain 1. Source plants o through 10 had been inoculated January 
1939, with virus strain 2. 
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comparisons of source plants infe<*1e(l by strain 1 with plants infected by 
strain 2. 

Individual variation in the source plants is indicated by jdant 7 in table 
1 which showed the lowest virus coin-entration of any of the susceptible 
source plants for eacdi of the three feedin*? periods. Plant 10 gave similar 
evidence as a resistant source. J^laiit 7 happened to be paired against a 
resistant source plant, No. 8, which consistently showed a relatively high virus 
concentration for strain 2 so that in eacdi of the three feeding periods the 
resistant source plant indicated a higher concentration than the suscei)tible. 

The data in table 1 also indicate that plants infected by virus strain 1 
contained a higher concent ration of virus than those infected by strain 2. 
This was true in both the resistant grou]) of source plants and the suscep¬ 
tible group, lloth the peivejitages of ])lauts infected and the periods of 
incubation suggest a greater virus (‘oucentration for strain 1. Another 
possibility would be that the longer incubation period for strain 2 is due 
to a slower resx)onse on the ])art of the host. The incubation period was not 
used as a factor in determining the signifa-ance of data dealing with relative 
conceiiTrations, 

The six paired tests involving strain 1 show only‘one case, plants Xo. 8 
and 4 in the six hour period, in which the resistant source plant indicated a 
higher virus concentration than the susce])tiblc. In five ol* tliese six tests 
the incubation period was longer for ]dants infected from the resistant 
source plants than for those ijjfected t'rom the susce])tible sfnircc plants. 
The nine paired tests involving strain 2 showed three instances in wlii(4i the 
resistant source plant indic^ated a higher virus concentration than the sus¬ 
ceptible and the same pair ot source plants, 7 and 8, wei'c involved in each 
case. The susceptible source plant carried a higher virus cruicentration in 
the other six tests. Such data from one experiment do not indi(*ate signifi¬ 
cant differences, but similar results from many experiments wen* highly 
significant when subje(*ted to tlie test for significance. 

Eelafive Concculrafion as InfJm nr((l b\f Rrslsfanrf of Hfd. The highly 
resistant sugar beet variety S.L. 68 and the susceptible variety S.L. 842 were 
used as virus-source plants. The tests were conductiul with curly-top virus 
strains 1 and 2. Each of these strains readily infects either the sus('(*ptible 
or the resistant sugar beet but strain 1 induces relatively much moi’c severe 
symptoms than strain 2. 

The tests on sus(*.eptible plants from soui’ce plants cariying strain 1 
showed that the susceptible source i)lants contained a higher virus I'oncen- 
tration than the resistant soui-cc plants in a very large percentagt* of the 
tests (Table 2). On susceptible test plants there was 11 per cent more in¬ 
fection among the total of 1,673 inoculated with strain 1 from susceptible 
source plants than among the lotal of 1,667 inoculated from resistant source 
plants (Table 3). 

Tests on resistant plants from source plants carrying strain 1 gave a still 
larger percentage of tests in which the susceptible source plants showed the 
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higher virus coneontratiou (Table 2). Ou resistant test plants there was 11 
I)er (*ent more infection amonf? the total of 890 inoculated from siisci^ptible 
source plants than amonf? tlie total of 893 inoculated from resistant source 
plants (Table 3). 

This 11 per cent difference between the amount of infection from suscep¬ 
tible source jdants and the amount from resistant source ])lants is the same as 
the difference shown when susc(‘ptible source plants were used but the eleven 
point increase over 23 iH'r cent in the case of resistant lest ])lants is nearly 
one-half, whereas the same increase over 54 i)er cent in the case of susceptible 
test plants is only one-fifth. TJie infection ])ercenta^^es secured from re¬ 
sistant source plants and fi’om suscejdible source plants show very different 
ratios depending upon whether the test plants are resistant or snscejitible. 
Similar differences are evident in all experiments involvinjr the resistant and 
the sus(*eptible source plants. 


TABLE n. —Summary of rcsiilis of trst-plant 
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05 

Resistant jdants carrying strain 1 
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54 

Susceptible plants carrying strain 2 
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3:n 59 
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72 

Resistant plants carrying strain 2 

215 

20 12 
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0!3 
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« The resistant aujjar beet was the vari<*ty S.L. (?S and the auseej*!il»le bi'ct was the 
variety >S.L. 842. 

Comparative tests for virus concentration in the snscejitihle beet and in 
the resistant beet when infected b.v virus strain 1 ai'e somewhat compli<'ated 
by the fact that tlie symptoms are different in the two bt»e1 varieties. The 
suseeptihle beet is greatly dwarfed and distorted whereas the resistant beet 
is not dwarfed and lias relatively mild symf)toms (Fijr. 1). The extreme 
dwarfiii<j: of the susceptible plants means that the available tissue for h^af- 
hop])ers to feed upon is much less tlian in the case of an infected, resistant 
plant of the same ajre. This mi«»:ht mean less favorable feeding ('oiuiitions 
due to crowding of the leafhoppers. 

Susceptible sujrar beet jdaiits infected with curly-t()|) virus strain 2 do 
not show the dwarfin*? and distortion mentioned in c(»nuection with strain 1 
and so mi^ht be thuufrht to jrive a more aecnrati* picture as to the relative 
concentrations. Tests on susceptible plants from source })lants carryin^r 
.strain 2 j?ivo a still fjreater j)ercenta<re in which the suseeptihle source plant 
carried a hij^ber virus coneentratiou than the resistant soiiree ])lant (Table 
2). Of the total suseeptihle test plants inoculated there was 40 per <*ent 
more infection amonjx those inoculated from susceptible source plants than 
amoiitr those inoculated From the resistant source plants (Table 3). 



19461 


Giddinqs: Ci^rly Top Virps in Sugar Beets 


45 





46 Phytopathology [Vol. 36 

Tests on resistant plants from source plants carrying: strain 2 showed a 
higflier virus concentration for the susceptible source plant in every instance 
(Table 2). Of the total resistant test plants inoculated there was 47 per cent 
more infectioji amoiif? those inoculated from susceptible source plants than 
among those inoiuilated from tlie resistant source plants (Table 3). 

The difference in virus concentration was indicated more strikingly wheji 
resistant test plants were used than when susceptible test plants were used. 
This w’as true whether considered on the basis of tests made or on the actual 
number of test plants inoculated and for both virus strains 1 and 2. It is 
also evident that the differcm-e in concentration was greater, or that the 

TABLE 5. — Summart/ of rcmilfs of itat plant inoculations made from suf/ar-h(il 
plants infected with strain. 1 or with strain li dvring studies to determine relative curly 
top-virus concentration^ 
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SdUiTe mih] stin’ni (it* vim^ -- - 
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11 
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:;72 

b5 

J7 
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Stmiu 2 from r(»sist:nit iiinnts 

:i79 

20 
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According to tlie juiiomit ol‘ injury induced on susc(‘|)til»le and on resistant sugar 
hoots, strain 1 is highly virulent A\hil<* strain 2 has relatively low virulence. Data in this 
summary aia* not coinparahh' vith data in table .‘L The data for strain 3 viru'< f'lMun sus¬ 
ceptible source jdants on ri‘sistjmt test jilants an* typical of <*acji group. The leafhojiper 
vectors used on lU per c(‘nt of the OoS plants (Table r>) li.ad fed for b liours to -18 hours 
on source ])lants and 90 ])er cent «if them had fed for .*> hours or less on source ]>lants, 
whereas the vectors us(»d on 01 per emit of tlie KPO jiJants (Table r>) had f(d for 0 hours 
to 48 hours on source plants while only .*19 ])er cent h.*id fc'd for .*3 honrs or hvss (ui source 
plants. This resulted in a lower ]iercentage of infection for the test yilants in table 5 
and it would bo unfair to coinjiare percentages from susce]»tible ;md fmm resistant source 
plants in this table with those in table ^lost of the exy>eriiiients included in tin* loti 
tests involving the data in table .*> were .set uji under conditions ^^hich would not warrant 
the use of any data from them in connection with table .‘1. 

difference w<is broiiglit out more decidedly wluui strain 2 was used Ilian 
'when straiji 1 was used. 

The evidence shows coneliisivcly tJiat resistant sugar beet plants carry a 
much Jower concentration of cnrly-top virus Ilian similar plants of a snscej)- 
tible variety when both are infeided with the same virus strain. 

Virvs C once nival ion as Rflatal to Vlvnlfncc of the Virns Slraln. Any 
comparison of strains 1 and 2 from susceptible sonn'O ])lants involves the 
consideration of the differences in severity of symptoms. It is believ(*d that 
efforts to secure a fair comparison in tlie (^asc of snsc(*ptible sonrc(» 3>lants 
were successful, and it is certain tliat ihvarfing and distortion were not in¬ 
volved as factors wlien the resistant beet S.L. 68 was used as a source plant. 

Tests on susceptible jdants from susceptible source plants showed a 
greater virns concentration for plants infected with strain 1 than for those 
infected with strain 2 in a high ])ereentage of the tests (Table 4). Of the 
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total susceptible test iilaiits inoculated tliere was 11 per cent more infection 
amonf? those inoculated from strain 1 source plants than among those inocu¬ 
lated from strain 2 source plants (Table 5). 

Tests on resistant plants from susceptible source plants showed a still 
greater percentage of (*ases in which there was higher virus concentration 
for the plants carrying strain 1 (Table 4). Of the total resistant test plants 
iiioculated there was 14 per cent more infection among those inoculated from 
strain 1 source plants than among those inoculated from strain 2 plants 
(Tables). 

Tests on susceptible ]»Iants from resistant soni-ce ])lants showed a higher 
virus concentration for plants carrying strain 1 than for those carrying 
strain 2 (Table 4). Of the total susceptible test ])lants inoculated there was 
14 per cent more infection among those inoculated from strain 1 source 
plants than among those inoculated from strain 2 source plants (Table 5). 

Tests on n^sistant jilants from resistant source plants showed a higher 
virus concentration for the strain 1 source plant in every case (Table 4). 
Of the total resistant test ))laiits inoculated there was 12 per cent more in¬ 
fection among those ijuxuilated from jdants carrying strain 1 than from 
those carrying strain 2 (Table 3). 

AVhen eomjiaring strains 1 ajid 2 it again ai)pears that differences in 
virus concentration w('re m<u*e <‘learly evident wheii the test plants were of 
the resistant b(»et variety tlian when tln^ suscei)tible beet was used. This 
was true whether tlu‘ source ]>lant was susceptible or resistant, but the dif¬ 
ferences were more striking on either variety of lest ]dant when the source 
])lant was resistant. This jiiight indicate an actually greater difference in 
coiiecMitration in tin* resistant source plants or that any existing differeii(*e is 
more strikingly bi-oiight out. 

It is clearly evident that Migar-beet plants infect(‘d with strain 1 carry 
a liigher virus concentration than those infected with strain 2. 

r/r//.s‘ ('onct nfrufion as Rtlataf to Time Eln})fie(l after Infection. A 
sngar-h(*et ]dant whitdi has been infected by curly top either dies in a few 
weeks or shows a nion- or less pronounced tendency to recover as evidenced 
by ](‘ss s('v«*rc symptoms on tin* new growth. Tliis is true either in the fn‘ld 
or in the greenhons.*. 

1'he soiin'O plants UNod in thest* tests were inoculated in the young two- 
leaf stag(*. Some ])lanls which had been infected foi- 24 days were compared 
with (dliers which Imd been infected for 5 nnmtiis: plants infected for 5 
weihs wer(» compared with otliers infected for ol months; plants infected 
for 2 imuiths were eompnred with others infeided for 8 months; and some 
infeeted f(»r It months weiT ecunpared with otlnu-s infected for 7 months. 
Th(‘ plants infected for the longer periods in each group had definite signs 
of recovery. They were given additional nitrogenous fertilizer in the hope 
that this wouhl tend to correct any effects that might be due to a defieieuey 
ill uuti-ients. The oidy tests in this entire series in which some source plants 
shciwed a liiglier (*oneeutrnti(»u of virus strain 1 for the older plants (see 
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table 6) were aiiioiijr those iu wliieli the yoinijrer iiifeetioiis were 2 or 3 
months old. This is nndoiihtedJy explained by the faet that these plants 
were reeoveriiijr. 

Tests <»n susee])tible plants from susceptible source plants earryinj^ strain 
1 showed a hi<rher virus eoneentralion for the younjrer infections in a very 
hifrh jKM-centajre of the tests (Table 6). Of the total susceptible test plants 
ino(Mdated there was 16 per cent more infection secured ainon^*: those inocu¬ 
lated from ])lants which had been infected for a short time than amonji: those 
Avhich had been infected for a Ion*.*: time (Table 7). 

TABLK 7.—Snnnnarf/ of rt suits of tfst-plani inovulaiions niatlr durinij studies on 
ufff of ter infeetinn as rflahd to eurip top-virus ronce at ration in supar beet 
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Tests on resistant plants from siisoojuibU* stmree ]dants carrying strain 
1 showed a liijilier virus com*cntration for the younir infections in a still 
LM'ealer ])(*r('entatre (»f the trials (Table 6). Of the total resistant test plants 
inocidat<‘d there was *26 per oent more infection anion*r those inoculated from 
])lants whirl) liad Imm'D infected for a sliort time than amonjr those which had 
been inf(n*1(Ml foi* a lon^’ time (Table 7). 

Tests t)n snsce|)tible ])lants from resistant source plants carryinjr strain 
1 showed a hlirlier virus coijcentral ion for the younjror infections in a very 
bi^h i)ercenta'^^e of the tests (Table 6^. Of the total susceptible test plants 
inoculate<l tlieii* was ‘20 ])er (^ent imuv infection secured among those inocu- 
latiMl from plants whirli had been infected for a short time than among those 
whirl) had been infected for a long time (Table 71. 

Tests on resistant idaiits from resistant source plants carrying strain 1 
.showed a higher virus ('oncentration for the younger infe(dions in a high 
percentage of the ti*ials (Table 6). Of the total resistant test plants inocu¬ 
lated there was 12 jier cent more infection secured among those inoculated 
from plants which had been infected for a short time than among those 
inoculated from plants Avhich had been infected foi* a long time (Table 7). 




50 Phytopathology [Vol. 36 

Tests on susceptible plants from susceptible source plants carrying strain 
2 showed a higher virus concentration for the younger infections in every 
case (Table 6). Of the total susceptible test plants inoculated there was 28 
per cent more infection secured among those inoculated from plants which 
had been infected for a short time than among those inoculated from plants 
which had been infected for a long time (Table 7). 

Tests on resistant plants from susceptible source plants carrying strain 
2 showed a higher virus concentration for the younger infections in every 
trial (Table 6). Of the total resistant test plants inoculated there was 31 
per cent more infection secured among those inoculated from plants which 
had been infected for a short time than among those inoculated from ])lants 
which had been infected for a long time. 

It is clearly evident that, under the conditions of these experiments, the 
virus concentration was greater in plants a short time after infection than it 
w'as several months after infection. This was true for b(»th strain 1 and 
strain 2 of the virus and regardless of whether tlie sour(*e plant was a resis¬ 
tant or a susceptible sugar beet. 


D1S(U'SSI0N < 

It has already been shown (3) that age of plants at time of curly-top 
inoculation is an important factor in the amount of infection and the degree 
of injury which may occur. The data here pr*‘seuted indi(*ate that tlio rela¬ 
tive age of infection as related to virus concentration is another factor in 
favor of the older beets. l>otli the im*reased resistaij(*e and the dccr(*ased 
virus concentration are favorable fatdors in any beet'fields in which there 
are few curly-top-infected beets and a leafhopj)er ]»ojinlation that does not 
increase for some weeks. kSucIi conditions ma\' w(*U lx* facdors of importance 
in connection with be?ets planted for seed or in other plantings made in the 
fall when conditions become progressively less favorable for the leaflioppers. 

The presence of the more virulent curly-to])-virus .strain 1 in any beet 
field is certain to re.sult in more rapid spread of tlie disease than if the virus 
were strain 2, as evidenced by the greater concentration of tln’ strain 1 in 
either the suscejitible or the resistant sugar-beet source plants (Tables 4 and 
5). Although other curly-top-virus strains producing relatively .serious or 
slight injury to sugar beet have not been studi(‘d it is reasonable to expect 
that their comparative concentrations in infected sugar-beet plants would 
vary in a manner similar to those of strains 1 and 2. 

The data in table 3 show that, under the conditions of the.se experiments, 
the percentage of infection secured from rt»sistaiit source iilants <*arrying 
strain 1 was only 23 when resistant test ])lants were used while the .same 
virus from su.sceptible source plants gave 65 per cent infection among sus¬ 
ceptible test plants. This would indicate that the rate of spread of strain 1 
curly-top virus in a field of susceptible sugar beets might well be approxi¬ 
mately three limes as rapid as it would be in a field of the highly resistant 
beets, assuming that each field had tlie same amount of initial infection and 
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the same population and distribution of the vector. In the case of strain 2 
virus there was only 12 per cent iiifecdion secured from resistant source 
plants when resistant lest ])lants were used,, while the same virus from sus¬ 
ceptible source i)lauts j^ave 72 j)er c(*nt infection amon<>^ susceptible test 
plants. This would su^^j^est tlie possibility fen* six times as rapid a rate of 
spread of virus strain 2 amon^ tiie plants in a held of susceptible beets as 
in a field of resistant beets. 

Field conditions would rarely, if ever, be closely similar to those used in 
these experiments, but the <rem*ral ])rineii>les which brought about these 
results in the frreenhouse would certainly be important factors in comnier- 
eial beet fields. In other words, it is clear that the rate of spread is certain 
to be jrreatly reduced in helds of resi.stant betds and that the presence of 
suse(*ptible beets adjacent to the resistant fields would j^reatly increase the 
rate of sjiread. Besistant su<rar-becl vai'ieties are well knoAvn for their 
ability to resist sev(‘re injury when infect(*d and for the lower rate of infec¬ 
tion that results when tiny ar(‘ inoculated. The much lower virus concen¬ 
tration carri(*d by su(*h resistant beets is another important factor in their 
favor. 


SUMMARY 

Tlie eurly-top-virus concentration is much greater in infected susceptible 
sii.trar beiUs than in infe('ted resistant snjrar beets. This is true for both 
sti’ain 1 which is highly virulent and strain 2 which is relatively low in 
virulenc(\ TJie dilferem'c in virus <*oii(‘cntration between resistant and 
sus('e}>lil)Ie ])lants is much urcater in those infected with strain 2 than in 
thos(‘ iufecit'd with strain 1. 

'file curly-top-virus (‘oiiceiitration is much .uTcater in sup:ar-beet plants 
ijifected with th(‘ hijilily vinih'iit strain 1 than in those infected with the 
]<*ss viiulcnt strain 2. Tliis was true in both the susceptible sujrar beet and 
the resistant sinrar beet. The diiferenct* between strains 1 and 2 in virus 
coiu'cnti’ation is much greater in resistant source plants than in susceptible 
source ])lants. 

TJie curly-to]>-vij*us concentration is much ,L»Teater in sujrar-beet plants 
three weeks to twelve wt‘t*ks after infection than in plants which have been 
infected lor three to eijilit months. This is true when the source plants are 
iMf<»i*te(I with either virus strain 1 or with virus strain 2 and, in the case of 
strain 1, whether the source ])]ant is <»f the resistant variety or the suscej)- 
tible vari(‘ty. 

The yj test shows hi<rh sijrnificance in the virus eoncentration differences 
found betweim inft»cted ]>lants of the resistant su<*ar-beet variety S.T;, 68 
and the susceptible variety S.L. 842; between i)lants infected by strain 1 
virus and those infected by .strain 2 virus; and between those which have 
been infected for ;> to 12 weeks and those which have been infected for 3 to 
8 months. 

The lower virus concentration in resistant su^^ar beets is a favorable 



Pn YTOPATHOLOG Y 


52 


fVOL. 36 


factor, reducing: the rate of spread of curly-top infection among: such varie¬ 
ties. 

In all frroups which were studied the resistant siigrar-beet test plants grave 
more striking evidence of differences in virus concentration than the sus- 
ceptbile test plants. This indicates the possibility of mass action as a factor 
related to infection (4). 

Division of ST’GAb Plant Investigations, 

U. S. Department of Agricttlture. 
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MASS ACTION AS A FACTOR IN (njRLY-TOP-VIRUS 
INFECTION OF SUGAR BEET 


N. J. Giddingri 
(A c<*(*i)t(Ml for publication July 18, 194o) 

INTRODUCTION 

Tlio t(M*ni “mass ai'tioii,” as used in this article, is defined as the effect of 
th(* varying; coiicciitratioiis of the reactinjr masses on infection whether the 
read ions involved are reversible or not. 

(!arsner and Lackey (It) staled that tlie relation of mass action to curly- 
top infection has been shown: “(1) by varying the amount of inoculated 
virus by (a) inomdations with contrastinjr numbers of leafhoppers and (b) 
unequal ])eriods of (*xposnre; (2) by use of plants differiji*? in susceptibility; 
(It) by studies <ni th(» im-ubation period of the virus in the insect; and (4) 
by oom])arin<z the minimal infective doses of the virus in its virulent and 
attenuated cf)ndilion.’’ They did not publish the data upon which these 
cojirlusions w(‘re [)ast‘d. 

S(*veriu (10) sa\s “The relation of mass inoculation by ju^Muips of beet 
leafhoppers to (mrIy-to|) transmission was demonstrated by varying: the time 
of exposure oT the insects on healthy beets.’’ IStudy of his data su^j*:ests the 
j)ossil)ility that mass a(*tion mijrht be an infection factor but the evidence is 
not c(»nvincifu^'. 

TIktc are many important variables which refpiire consideration in the 
study of mass action as related to curly-toj) infection. Extreme variation 
amoinj' individual leat'hop|)crs as to efficiency in transinittinj^ the curly-top 
vii'us, rai uvosa Uarsiicr and Bennett, has be(*n reported by Carsner 

and Staid (4), Severin ilOj. Kreitaji’ (uL ami Bennett and Wallace (2). 

The us(* of different cnr]y-to[>-virus strains or of mixtures of strains 
mi^^ht readily account for (»xtreme variation in results. It is certain that 
no (‘ousideration was ^iven to strains in the earlier work, since their existence 
was not known at that time. 

Comparisons between the amounts of inlVction produced by leafhopi)ers 
that, had been fed on \\\u different diseased )>lants mi^ht easily be misleadiii*r 
unhvss (liff'erem'tvs in virus strains or virus (‘oiicentrations in those diseased 
plants are consi(h*red (!!). Uiddin^rs (7) has reported that leafhojipers fed 
for a short time on diseased i)lants containing: virus strain nuxtures showed 
extnnm* irre‘'ularity in the strains that they transmitted and this is another 
source of variability. 

While the conclusions reached in this pajier are in jreueral ajrreement 
with those of the earlier workers it is believed that the evidence presented 
herewith is such as to irive those conclusions a far more substantial foun¬ 
dation. 

1 Senior Pntliolo^jist, Division of Sug:;ir Plnut Invostigrations, Duronii of Plant Indus¬ 
try, Roils, and AfrrkMilturnl Pngfinooring:, Agrricultnrnl Uosonroli Adniinistmtion, United 
States Department of .\j»:rieulture. 
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TJu* work reported in this paper was not undertaken for the purpose of 
Jearniii" the i)ossible roJe of mass action as related to curlj^-top infection of 
sufrar beets, and the data submitted arc by-products of experiments dealin^^ 
w ith virus concentration (9). A tabulation of results from a j^roup of curly- 
top-virus-eoncentration experiments Avas found to furnish such strong? evi¬ 
dence of mass action as a factor in infection that all such experiments Avcrc 
clnvked for similar evidence. 

METHODS 

The data Averc secured from suj^ar-beet plants of tlie liighly resistant 
variety S.L. 68 and tlie very susceptible variety S.L. 842. The c.urly-toj>- 
virus strains involved Avere those ])revious]y described (6) as strain 1 and 
strain 2. The mctliods of feeding leaf hoppers on source plants and of ijiocu- 
Jatin<r and handlijijr the test plants an* described in detail elscAvhcTV (9). 
The periods of feedinjr on source plants AA'ere 30 minutes, 1 hour, and 2, 3, 6. 
9, 15, and 24 hours. Each leaf hopper then Avas alloAved to feed for a week 
u])on tlie cotyledon of one test j>lant. 

If the experiments had been set up for the study of mass acti(»n tin* 
lenjrths of feediu<x j)eriod on infected (source}"i)iants mi^ht ha\T betm some- 
Avhat different, the numbers of ])lanls and leafhoppers involved Avould have 
been kept closely similar for each fe<‘din{z: period and some other variables 
Avould luiA^e been avoided. Since the data available appeared entirely ade- 
quatt* to prove the importaiice of mass action, it was d(*(‘med uinvise to con¬ 
duct further expei'inients merely in an etfort to present a clear picture for 
each of the feedinL** ])oriods mentioned. Therefore, the data fnan 30-minute 
fcedinjrs Avere combined Avith those from 1 hour, I host* from 2 hours Avith 
those from 3 Jiours, and those from 6 hours Avith tht»sc from hours. In each 
case the lon.izer period of fecdinjr iiiA'olved a much larj^tT number of j»lants. 

i:XUEIUArr.NTAL RE.SULTS 

It Avas Avell knoAvn from earlier Avork (ti) that the pt'rcenta^e of infection 
secured amon^ inoculated beets of the resistant variety by either virus strain 
1 or strain 2 Avas normally less than the perccntaj.o* of inr(*ctiori amoufr plants 
of susceptible Aarieties. This is further indicated by the rt*snlts “iven in 
table 1 for controls; that is, inoculations Avith l(*afhoj)])ers reared on source 
jdants. If such a difference in amount of infection secured under <*ontrolled 
conditions Avere due to some factor other than mass action th(*n the relative 
percentajres of ])lants infected should remain i)ro})ortionrd Avhen the amount 
of inoculum carried by the leaf hopper is threat ly reduced. Jt is evident from 
the data instable 1 that such is not the case. The ratio of infections Avas 
1:1.1 amonj,^ resistant and amoii”: susceptible plants Avlien usiiif? sin«i:lc leaf- 
hoppers that had been reared on infected ])lants, whereas the ratio Avas 1: 2.9 
for those leafhop])ers that had been fed for one hour or less on an infected 
plant. The data for eatdi of the succcssiA^ely shorter feedinjj^ periods sIioaa^ 
a striking: consistency in the change of ratio. 
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The relation between lengih of feeding time on source plant and i)ercent- 
age of infection among inoculated plants (Table 1, columns 4 and 7) is also 
believed to be significant. The low i)erceiitage of infection secured from the 
short feeding periods might be partially explained by the j)ossibility that some 
of the leafhoppers liad failed to feed on tlie source plant, or had obtained 
only water from it during the 1-hour or 3-hour feeding periods but this could 
hardly be an important factor in the longer feeding periods. Bennett (1) 
has shown that very few h'aflioppers survive more than two or three days at 
room temi)eratures if feeding is limited to parenchyma tissues or tap water, 
so it is reasonably certain that an apj)reciab]e rjuantity of the curly-top virus 

TABLE 1 .—Erifhnre of mass acfion as i/idicaUd by diffrrt’nccs in extent of infec¬ 
tion of rrsistatif anti snscrplihlc test plants in relation to period of feeding of vector on 
curly-top virus sourer plants^ 


FccFliug period 

Uesist.'iiit test ] 

dnuts 

8uscc]>til)le tost plants 

Ratio of 
infected 

on virus 

1 U()»*U- 

luti'd 



Inocu- 

hitc'd 



resistant 

source pl.'iiit 

I ufc<(t‘d 
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/Vr c< nt 

X u 111 b( r 
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SO 
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loO 
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1 : 1.7 
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L‘31 
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2“'3 
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75.3 

1 : 1.4 

<‘outioN \ roured 








oil ‘•oiii'ce 








pluut ' 

1 n.'.s 

PJliS 

70,S 

1 

143:; 

01 . r > 

1 : 1.1 


■» Tlu* i?i tliis Ufit* sjuliiHittcd to tho y ti'st vvliicli indrentod liiglily signifi¬ 

cant rhn’rroii('(‘s lu-twccii lli(« iiifoction pcrciMit.Mgos. 

(‘(iml»iFn*<l dijt.'i for .>(> ?nimit«*s rind 1 lioor. 

«■ (Nmiliinod f»tr » lomrs jiinl o hours. 

‘H’omhiin'd datu for Jiours and 9 lioiirs. 

was pit'ked ^\]^ by evtu-y IeaflK>p])er which feil LI or 124 hours upon the source 
plant. During f»ne we(*k (»r I'eeding upon the test })lant it seems highly ])rob- 
able that such a leariioi^per vector woidd inject at least a few virus particles 
into this ftlant and that the plant would become infected if a small number 
of virus ])articles could induce infeettiou. Both susceptible and resistant test 
plants show succ(*ssively large increases in the percentage of plants infected 
by leafhoppers f(*d for tlnvse longer ])eriods and for the controls (Table 1). 
indicating that n]ass action must be a factor. 

DISCT^SSION AND SUMMAKY 

The data presented in this ]>a])er show very strong evidence tliat mass 
action is an important factor in the curly-top infection of either the resistant 
sugar-beet variety S.L. 68 or the susceptible variety S.L. 842. The reactions 
involved are initiated by the introduction of the curly-top virus into the 
plant. If the active mass of the virus introduced into the plant is sufficient 
to induce predominant reactions the final result is multiplication of the virus 
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anil (‘oiiseqiient infection of* tlio pJaiit. A sinalJer active mass ot* virus initi¬ 
ates the same reaetiojis as the larji’er active mass but, because of the inade¬ 
quate amount, the decree of the reaction is so limited that the final result 
does not permit multiplication of the virus. Aceordinji; to this hypothesis, 
the amount of active mass of virus required to brinj? about infection would 
vary with diifereut beet plants and especially with different beet varieties 
because of the differences in the active mass of the specifii* reactinji: sub¬ 
stances in the i)lant. It would aj)i)ear probable that the reactiojis involved 
in the ease of ciirly-tip virus are similar to those which occur in many bac¬ 
terial and funjjrus iufei-tioiis in which mass action is a factor. 

If mass action is a factor in the case of beet varieties S.L. 6S and S.L. 842, 
it is undoubtedly a factor for other beet varieties and for other plant species. 

Evidence from field experiments on ajre of plants as a factor in resistance 
to curly toj) (S) ^dves sui)port to tlie mass action coni'Ciff. It would seem 
that, as the j)lants become older, there is an increase in tliem of tin* aetive 
mass with whieh the virus active mass must react before virus multiplication 
may take ])lace. 

The evidence that mass action is an inqmrtinit factor in infeidion should 
*xive added stimulus to the effort to reduce -ihe amount of curly-toj) virus 
available in the vi(*inity of commenual fields of sujrar beets or of other (*ro[>s 
which suffer from the mirly-top disease. The } 4 :n)win^^ of curIy-toi)-resistant 
beets and the elijuination of weed jdaiits which serve as vii‘us restu’voirs can 
be of ji'reat value in decreasinjr the amount of virus available to the insect 
vector. This would result in a smaller relative mass of inoeulum and a 
consefjuent less amount of eurly-to]) infection of beets and other crops in 
areas where this disease is prevalent. 

Division of Sri'.AK Pi.ant Tnvfsttoatjons. 

V. S. Dkp.\rtment of AumrrLTrKF-. 
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STRIPE SMUT (USTJLAGO STRIABPORMIS), IN RELATION TO 
BLUEORASS IMPROVEMENT* 

J . G . L K A C II , V. . V . L O W T H F. R , AND M A R Y A . E Y A N 
(Acc('i>t(‘<l for ]>uhlic*atiou August 1, 3945) 

In 1940 the West Virginia Agrieiiltural Plxiieriiiient Station, in coopera¬ 
tion with the IJ. S. llegional l^asture Kesearcli Laboratory, undertook a pro¬ 
gram of bluegrass {Poa prat^nsis L.) improvement as jiart of a broader 
program of jiastun* improvement. Among the objeidives of the project were 
stutlies of variation Avithin tile spe<‘ies, the selection of types best adapted to 
specific systems of maimgennmt, and the breeding of strains Avith desirable 
characters, including resistaiK'e to disease. Preliminary studies (10) al¬ 
ready r(‘ported Iiave sIioAvn that there AA^as much variation among individual- 
plant selections of !)lucgi*ass Avhen tliey Avere groAvn in a nursery for obser¬ 
vation. Mild(‘w, rust, smut, and several fungus leaf spots Avere iireA'aleiit 
in the nursery, and dill'ereiK'es in resistance of individual plants to the vari¬ 
ous diseases were obvious. In the nursery Avhere the grass Avas not kept 
eli])p(‘tl som(‘ of these diseases ai)pean*d to be more prevalent than they are 
in most pastures. Further observation indicated that this Avas true for 
mildcAv, rust, and most h‘af s|)ots, but not for smut. Comparisons made of 
the jirevalence of smut in lh<‘ nursery and in pastures showed a close correla¬ 
tion betAveen its ]ires<oice in the nursm*y collections and its presence in the 
pastures from wliicli the nursery collections were made. 

Tin* gi'cater pr(‘valence of rust, mildeAv, aiul leaf spots in tlie nursery as 
compared to that in pastures can be exiilained by the greater opportunity 
for building up inoculum on the uncli])])ed grass of tlie nursery than on the 
grazed grass of the ])astures. Because of the systemic nature of smut infcc- 
l.ion, its develojimcnt and spread are less de])end(*nt on unrestricted growth 
of the |)lant than ari* rust, mihlcw, and the leaf spots. On the other hand 
there is some reason to believe that development of smut and its spread into 
ncAV tillers may be stimulated by clij>i)ing or grazing. These facts all lead 
to tln‘ conclusion that smut is jiotentially the most destructive disease of 
bluegrass in pastuivs. 

Pasture surveys made in West Virginia and in Pennsyh'ania have borne 
out this conclusion (lO). N<' pastures Avere found to be entirely free from 
smut, and by actual count of rojiresentative qua<lrats seA^eral pastures Avere 
found in Avhich more than ‘Jo per cent of all bluegrass plants Avere affected. 
Large areas Avith more than oO pvr cent infeidion are not uncommon. In dry 
Aveather many of these jilants die, resulting in poor pastures that otherAvise 
Avould be (piite productive. It is obvious tliat smut resistance must be given 
jirime consideration in any program of bluegrass improvement. It is proba¬ 
ble that in tlie mixed population found in a pasture many individual plants 

1 Pul)lisli(Ml with the npprovRl of tlu- Director of the West Virginia Agricultural 
Kxperiinoiit Station as Seieiitilic Vuvw No. 340. In cooperation with the l\ 8. Eegional 
Jointure EeHeurch T^ahoratory, S. I.h’partnieiit of Agriculture. 
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are resistant, while others are very susceptible. Should a small number ot* 
apomictic lines hi) selected without regard to smut resistance and be intro¬ 
duced as improved strains, they might easilj^ prove worthless in the presence 
of smut infection. 

Because of the prevalem^e and destructive nature of smut in i>resciit-da 3 " 
pastures and its still greater jiotential importance, a study of the disease was 
undertaken with particular reference to the probhun of testing strains of 
bluegrass for smut resistance. It is a recognized principle tliat in breeding 
for resistance to a disease a technupie of producing infection approaching 
100 per cent on susce])tible varieties is necessary for satisfactory elimination 
of susceptible strains. Since bluegrass smut had not been extensively in¬ 
vestigated from this viewpoint no satisfactory technhpie was available, 
although some inoculation experiments had been reported. 

LITEKATUKE REVIEW 

Usfilago striacformiii (West.) Niessl is recognized as a composite species 
affecting many grasses. There is abundant evidence (3, 4, 5) that it is 
physiologically specialized on the various ;^:rass hosts, although the exact 
host range of each physiologic form has never been detei’inined. Davis (4) 
recognized four physiologic forms (or ra<*es) as follows: forma Plihi on 
Phlciim praiense L.; forma.on jxtlnsfris Ilinls.; forma 

Poac-pratensis on Pox pru/ca.s/.s' L., and forma Pmu -annunc on Pixi annua L. 
The stripe smut on orchard grass was given s])ecilic raidv and namcti Pslilatin 
ctinloniana, Fischer (5) studie<l a rac(‘ of the smut affecting sp«‘cies (d' 
Affropyraiiy Ehjnms, Ilorfh anty and Sififnion and (i(‘signat(*d it as foi’ma 
Hordri. 

While these different physiologic races of tin* smut are morphologically 
and symptomatically similar they a|)j»car to differ not only in tlieii* parasitic 
si)ecifi('ity, but also in methods of chlamy<losi>ore germination, metlnxK (»t 
infectiotj, and in cultural characteristics. Davis (2, 4) working with simuvn 
from smutted timothy, red top, bluegrass, and orchard grass conclud(*d that 
they would not germinate until they had passt*d through a n'sting period of 
about 240 days. lie stated that the ty])e of g(*rmination was tin* same tor 
spores from all four host plants. “The j)romycelia. were at first nni<‘elhdar 
and mnltiniicleate, but under certain eojulitions bceaim* multif'cllular with 
four to five lateral sporidia; however, oecasioiially only one lateral sj)oridiiim 
formed on the sides. The granular protojdasm assendded iu Die tips of uni¬ 
cellular promycelia, which sometimes formed lateral sporidia. S<‘condary 
spores or,buds were usually formed from conidia, primary s])oridia, fij>s of 
promycelia and other buds. . . . Lateral s])oridia sometimes fused and 
formed conidia which developed buds and mycelial threads.” Davis was 
unable to culture the fungus in decoctions, agars, and other media. 

F'ischer (5), on the other liaud, found no after-riiiening period ntressary 
for germination of ehlamydospores of forma llordci. The i>roeess of germi¬ 
nation also differed from that deserihed by Davis. Two or three thick germ 
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tubes eiuerj^ed from each spore. These developed into branched septate pro- 
mycelia from which typical elliptical sporidia were budded in profusion. 
The sporidia 8:rew and developed into large sporidial colonies on nutrient 
agar. This was the first record of the cultivation of Usiilago striaeforwis on 
artificial media. The sporidia were found to be unisexual and fusions oc¬ 
curred when sporidia of opx)osite sex were mixed together on nutrient agar. 
Long, vigorous aerial infection hyphae arose from each fused pair of 
sporidia. 

Kreitlow (G), working with forma Agrostidis, found that fresh chlainy- 
dosj)ores usually did not germinate, although one collection of spores g<*rmi- 
iiated without a rest period. Later (7) he was able to break the rest period 
of spores from Poa praini^is by subjecting them to a temperature of 35"^ C. 
in a moist chamber for 25 or 30 days. Spores of forma Agroatidis^ according 
to Knntlow, germinated by forming a single branched or unbranched X)ro- 
mycelium 20 to 50 niicnms in length. No sporidia were observed, although 
lateral branches resembling sporidia were observed on some rapidly growing 
promycelia. The method of germination of the chlamydospores from blue- 
grass was not d(‘Scribed. 

Kreitlow (G) found that g(Tminating chlamydospores of forma Agrosti- 
difiy when transt‘el•r(^l to agar, grew* readily, but formcvl stricdly mycelial 
colonies in contrast to the s])oridial growth obtained by Fischer (5) with 
forma JIor<l( i. 

Davis (2, 4), after extensive^ inoculation ex])eriuients w’ith the smut on 
seY(‘ral ditftUTnt hosts, conclud(‘d that infection occurred in the seedling 
stage, j)eiu‘ti'ation taking ])lac<‘ ihrougli the coleoptile. Efforts to inoculate 
other tissues of gi-owiinr ]dauts w'(*re unsucc(‘ssful. Floral infection was not 
(d)taiiied and tluMM* was no evidence that the smut was seed borne. Fischer 
(5). on tiu' other hand, found that sec'd taken from smut-infected plants of 
slender wheat grass i»rodueed only smutted plants, indicating that, on tliis 
host at least, the funcus is seeddamne. 

Such wide variation in the b(*havior of the smut, as rcjmrted on various 
host.s hy different iuv(*st igators, would make it unwise to generalize too much 
about the life Jiistory of rsdlago striaeformis. Since tlic smut has been 
studied less extensively on bluegrass tlian on almost any otlu^r host plant, 
a thorough investigation of its life history on this host seemed necessary as 
a basis for working out any practii^al method of artificial inoculation. 


exueiumentaLi results 
Oi uninalion ond Culture on Artificial Media 

The work r(‘i)ort(‘d bore d(‘als primarily with a study of the fiuigns in 
ariifi(*ia] eiiltiin* and with inoculation experiments in the greenhouse. Ab- 
straids of certain asp(‘cts of the work have been published (8, 9). 

Life-liistory studies were started with attempts to germinate the chlamy¬ 
dospores. Spores from infected plants growing in the nursery were col- 
lected in late summer and attcuiipts w'cre made to germinate tluun in distilled 
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water and various nutrient solutions, as well as in and on the surface of plain 
and nutrient ag:ar. Very few spores (never as much as 1 per cent) jrermi- 



Fio. 1. Chbmydosporos of U. striarformis in 2 por cent malt extract. 

The promycelium is indeterminate, the >jerm tube is branched, and sporidia are lackiiifr. 
x640. A, spores from blne^'rass; 15, sjuires produced in artificial culture. 

nated under any of the conditions provided and there were no sij^nificnnt 
differences between the amounts of frermination on the various media used. 
On the assumption that failure of the spores to "crminate was caused by an 
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acquired dormancy, attemf)ts Avere made to germinate yoniiji: spores taken 
from unriiptured pustules. This was done on the theory that dormancy 
mig:ht be induced by some cJian^e in the permeability of the spore wall after 
exposure to the air. Fresh leaves showing early stages of infection were 
taken from greenhouse plants and surface sterilized in a mercuric chloride 
solution, (l'"l()00), and then washed in sterile distilled water. Sections of 
the leaf were cut aseptically through a young unruptured smut jmstule. 
Th(‘se leaf sections were placed in the bottom of a sterile Petri dish in a drop 
of sterile distilled water and cut into numerous small segments with a sterile 
scal]>eL A tube of melted agar was then poured over the segments and the 
plate incubated at room temperature. Microscopic examination showed that 
numerous chlamydospores had been released from the pustules and were 
distributed throughout the agar. These spores did not germinate much 
better than those used in previous studies, but the few that did germinate 
grew ill the agar and (‘ould be j)i<rked up aseptically and transferred to tubes 
of agar for further growth. 

The chlamy<losi)ores germinated by forming one, or occasionally two or 
three, sim])le or branched germ tubes with no sporidia. In distilled water 
the germ tubes are usually unbranched or si)arsely branched, but in agar 
or in nutrient solutions the tubes branched profusely (Fig. 1, A) and grew 
int(» eharacteristit' colonies. Typical ])romycelia and sporidia have not been 
(»bserved. 

Kvvn though only a few chlamydospores germinated, numerous small 
fungus colonies appeared in the agar near and adjacent to the smut pustules 
^Fig. 2, C). Since these resembled the colonies arising from germinating 
^•ldamytlos])ores they wer<‘ objects of interest. Further study showed that 
th(*se colonies arose from fragments of smut mycelium from the leaf tissue 
adjacent to smut sori. Numerous colonies Avere picked out of the agar and 
subcultured on agar Avhere they grew slowly into small white bead-like 
colonies when crowded (Fig. 8, E) or into larger colonies with a character¬ 
istic conv(dute surface when isolated (Fig. A). When the colonies were 
examinetl microscoi)ically most of them were found to be composed of a 
mycelium that broke up readily into short, sporidia-like fragments. These 
sporidia-like bodies, unlike most smut sporidia, do not multiply by budding; 
but <‘ach fragment, by apical growth, may form more fragmenting mycelium 
(Fig. 2, 1), E). On subcultnring these fragments an occasional, typical, 
mycelial colony ai)peared. The mycelial cohuiies formed a tough, velvety 
mat and the hyphae showed no signs of fragmentation. The two types of 
colony could usually be detected in very early stages of growth by micro- 
sco|)i<* examination. The young fragmenting colonies tended to be compact 
and the individual hyphae Avere characteristically curved and tAvisted, Avhile 
the mycelial colonies Avere more spreading Avith straight hyphal branches 
(Fig. *2, A, B). Older colonies of the two types are shoAvn in figure 3, A-D. 

On subculturing the tAvo tyi)es of colonies there was a tendency of the 
fragmenting colonies to dissoedate and produce the typical mycelial colonies, 
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Fig. 2. YoGiifr colonies of V, striarformLs: A, frafjrneiitin^r type; R, nivcclial tviM- 
n, fnijornicntiiig type orijjiimtinjr from mycelial frngiiu'iits freed from immature pustules 
of smut plated on potato-d<-::trosi‘ ajrar. D and E, mycelial fragments of which a frag¬ 
menting colony is composed. A through H, x ]2.'3. E, x SGO. 
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I'K?. J'. v'uMv of roloiiios of T. atria(fvrnths. A, fragmenting typo in 

wliifli tin* iMy(*olimn lo'caks iij> into sliort s|Kiri<lia-liko fragiiionts. Jt, niyoolial typo in 
which thoio is no f rnginontation of inycoliuin. <.\ a fraginonting colony that has produced 
a mycolial si'ctor. I>, a mycelial colony hogiiining ti» ft>nn clihiiny(it)sporos in localized 
areas. A tlirongh l>, giant 4*olonies, natural size. K, small nhito bead-like fragmenting 
colonh‘s arising from m\c<*lial fragments isolatiMl from immature smut pustules. Natural 
size. F. black masses of chlamy<los]iores formed on the surfjice of an agar plate seeded 
with mycelial fragments friun a fragmenting colony. The culture in early stages formed 
Avhite Ix'ad like fragnumting colonies as in K. In spore formation practically all of the 
my<’<*lial fragments an* tlansformed into chlaniydospores. Slightly enlarged. 
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either as sectors (Fi^. 3, C) or as individual colonies from separatioji plates. 
Both types of (colony «:rew very slowly when first isolated, but after several 
subcultures there was an api)reeiable increase in the rate of j^rowtli as if the 
fungus had adapted itself to growing in artificial nuMlia. 

After several subcultures on potato-dextrose agar some of the cultures 
of the fragmenting type changed from the usual glistening white to intense 
black (Fig. 3, P^). On microscopic examination it was found that chlamy- 
dospores were being produced in abundance. The spores were similar to 
those formed on the host i>lant, but some of them were not ty])ical in all 
respects. Chlamydospores produced in culture tended to be slightly larger 
than those produced on the host plant and the cchinulations, although pres¬ 
ent, w^ere not so clearly defined. Also there was usually a number of abnor¬ 
mally shaped spores; many of them tended to be more oblong than normal 
and many were lemon-shaped with characteristic pointed ends (P’ig. 4). 



Fio. 4. Chljiinydospores of IJ, striavforviin: A, pro(luri*d on j)otHto-(lextrose agnr; 
B, produced on bliicgniMH. x 500. 

Sporulation at first occurred only in fragmenting colonies, but later cer¬ 
tain typical mycelial colonies began to form chIamydos]>()res (P^ig. 3, D). 
Also certain isolates tended to form spores, while others seemed unable to do 
fio. However, many of the apparent “nonsponilating’’ cultures suddenly 
began to sponilate after numerous subcultures had failed to form spores. 

At first it appeared that the chlamydospores formed in culture would not 
l^erminate, but while the w^ork was in progress Kreitlow (7) reported his 
success in inducing germination by subjecting the chlamydospores to a tem- 
jjerature of 35"" C. in a moist chamber. When this method w^as tried on 
-chlamydospores produced in culture they germinated as well as those pro¬ 
duced on the host j)lant, and no difference in the methods of germination was 
observed (Fig. 1, B). Later some lots of spores from culture germinated 
fairly well without treatment, ranging from 5 to 50 per cent in different 
trials. 
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The si^iifieance of the various types of «rrowth on artificial media has not 
been fully determined. Cytolojrieal studies are under way and the results 
will be published in another paper. 

Immdathn Experimenis 

While the fungus was beinf? studied in culture, inoculation experiments 
were being made in the greenliouse. Inasmuch as the experience of other 
workers had ijidicated seedling infection to be the general rule for this smut, 
seed inoculation was the first method tried. Fresh chlamydospores obtained 
from the field in late summer were used. At this time no means of inducing 
a high percentage of spore germination was known and the spores used 
germinated less than 1 per cent in distilled water. Several methods of seed 
inoculation were tried. One lot of seed w^as dusted with dry spores immedi¬ 
ately before planting, another lot w^as soaked for two hours in a suspension 
of spores before planting. A third lot w^as soaked for two hours in a spore 
suspension during whieh it was subjected periodically to a moderate vacuum. 

TAtiLE 1.— 1\(suits of stitl inoculation of hlueyrass with fresh chlamydospores of 
r.yfilaffo striarfonnis, ahtaimd from infected prass 


Mi'tlxxl of iiKK'ulatioii 

Dry sjMjros (liisttxl on soods 
Scfds so;ik(‘(i 2 hr. in sjMiro susponsion 

Soeds soako<l 2 hr. in .s[>or(' sns]u‘nHi(»n ^^ith vniMiuni tivatiiient 
Dry stMxl. no inotMilntion 

Several hundred seeds of (‘aeh lot w^en* planted in rows in greenhouse 
flats. Xo in l ection w as observed after six weeks^ growth, at w hich time 100 
plants of (*ach treatment were transplanted into separate flats for further 
observation. The ])lants remained in th<»se flats for about 5 months during 
W'hi<di time a few of them became infected. The i)lants were then trans¬ 
planted into the field for further observation, but the percentage of infection 
did not increase. The n^sults of one representative set of seed inoculations 
an* given in table 1. This method of inoculation was not very effective and, 
unless it can be greatly improved, it Avould be of no ])ractical value in the 
sehvtion of resistant types. The low percentage of infection obtained was 
assumed to be due to the failure of a sufficient number of chlamydospores to 
germinate at the proper time for infection. 

S(»me time later, after the fungus had been isolated in pure culture on 
agar, a similar experiment was made comparing fresh chlamydospores from 
grass with inoculum grown on agar. The latte'r inoculum was suspended in 
water in a small flask with glass beads. Hy shaking the flask the clumps of 
spores or mycelium were separated into a fairly uniform suspension. A 
similar sns]>ension of spores was prepared from smutted bluegrass leaves. 
The two suspensions were then transferred to the grass seeds in small vials 
in dupli<‘ate. One set of seeds was allowed to soak for twu hours and then 


Percentage of 
infection 
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the suspension was poured off and the seeds i)lanted. The other set was 
placed in a vacuum for two hours during which time the vacuum was re¬ 
leased momentarily four times. Two lots of seeds were given the same treat¬ 
ment without inoculum and used as checks. The eight lots of seeds were then 
planted in flats of greenhouse soil. One month after planting, 100 plants 
from each treatment were transplanted into flats where they were kept under 
observation for six months. The results were almost entirely negative, only 
one of the 600 inoculated plants becoming infected, this being one from the 
lot of seeds inoculated with mycelium fragments from an agar culture and 
the seed soaked 2 hours with no vacuum. 

With the poor results obtained by seed inoculation it was necessary to try 
other methods. Inasmuch as chlamydospores formed in nature jn-obably lie 
in the soil some time before germination it was deciiled to try soil inocidation. 

On July 2 six 10-inch pots of soil were j)repared. Two i)ots were thor¬ 
oughly drenched with a suspension of fresh smut spores. Two j>ots were 
drenched with a suspension of spores and mycelial fragments from a spore¬ 
forming culture of smut grown on agar. The remaining two i)ots wen* not 
inoculated and were retained as checks. Oii^- ]>ot of ea(*h ])air was planted 

V 

immediately with bluegrass seed. All j)ots were imbedded in the soil in 
an outdoor cold frame where they remained until October 4 when they were 
returned to the greenhouse. At this time the second pot of each j)air was 
planted with bluegrass. 

On October 8 the plants of the early ])lanling were examined for infec¬ 
tion and all plants showijig no infection were then transplanted to flats of 
edean soil for further observation. They were examined at frt*(|uent inter¬ 
vals until the following June when the experiment was disc(»nt inued. When¬ 
ever an infected plant was found it was reconl<*d and removed from the pot. 
Records w'erc kept on the second planting until the following September. 
The results of this experiment are given in table 2. 

It is evident from the results of these experiments that a much higher 
l)ercentage of iidection w*as obtained by .s<»il inoculation than by seed inocu¬ 
lation. Themo.st infection was 4»btained w*}n*n chlamyilos]>ores from infected 
plants were used as inoculum. Inoculum grown on agar was much less eftVe- 
tive, although some infection was obtained. It should In* noteil that infe(*ti<m 
Avas very slow in developing and that it iMMpiired over 300 days for infeidion 
to show'on some plants. It is not knowui wliether this long time is due t(» a 
loiig im*ubation period within the plant, or whether the fungus persisted in 
the soil as nm'.eliuui or viable chlamydo.sp<»res ami infected the new tillers 
formed as the plants grew. Since the j>lants were transplanted into cleain 
soil after 08 days it might be assum<*d that tliey were infeeded before trans- 
})lanting, but as some soil was transferred witli the plants .some ijioculum 
al.so could have been transferred. 

In an effort to determine whether the fungus wouhl persist in the soil 
ajid be capable of causing infection for an extended ]»eriod, |>ot No. 1 was 
rei>lanted without further imxMdation on October H wlien the origijial [)1ants 
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were transplanted. The new plants were allowed to pfrow until March 10 of 
the followiiij^ year wlien they were removed and those showing no infection 
were transplanted into flats for further observation. On March 14 the pot 
was reseeded for the ttiird time. The plants of the third crop were allowed 
to grow until July 22 when they were removed. 

The infection occurring on these plants seeded into the previously inocu¬ 
lated soil was as follows: the first replant, or the second crop of idants, seeded 
98 days after inoculation of the soil, i)roduced 17 infected plants out of a 
total of 71 plants, or 23.9 per cent after 229 days. The second replant seeded 

TABLE 2.— T/ic rrsullft of soil inornlation u'ifh tiro Icinrls of inonihnn of V. striae- 
fonnis on bluetfrass 


Pot No. Iiiooiiluin Olid iiiocuintion jinK*odiiro 


3 Frosh Ri>oro8 from inf(*(*ted plants; seeded 
immediately 


Fresh spon's from iiifeeted plant; seeded 
U niontliH after soil inoculation 


8pureH and mycelium from agar culture; 
seedt'd immediately 


4 Spores ainl my«*cliimi from agar culture; 

seeded *I inoiitlis after soil inoculation 

.■) ('lieck, no inoculum; planted immediately 

n Check, n«» inoculiiin; ]danted .1 months 
after soil inoculation 


Percentage of Days after 
infection planting 


25.30 98 

54.80 217 

09.90 250 

77.40 272 

87.00 327 

5.70 123 

27.00 155 

33.30 169 

52.00 208 

60.00 234 

62.80 246 

5 or 6 plants out of 98 
nearly 200 plants— 
e.xact percentage 
not determined 
No increase 280 

3.00 126 

9.U^ 172 

9.10 290 

0.00 240 

0.65 132 

1 plant out of 3 52 

0.05 280 


days after iit.KMilatioii of the soil yielded 7 smutted plants out of 355 
l)laiits, or approximately 2 ]>er t'Ciit after 100 days. 

It is evident from thest» results that the inoculum does persist in some 
lonn in the soil under gn‘<*nhonse conditions for as long as 256 <lays, although 
it decreases materially during this period. It is not jmssible to determine 
from this experiment whether the extremely long time recpiired for the ap- 
pearanee of smut on some of tlie plants was due to the prolonged iiienbation 
period or whether infection oceiirnMl on older plants from soil-home inocu¬ 
lum. Further experiments designed to answer this (piestion are under way. 

AVorking with VstUitijo striiHformis on timoth.v, Davis [2, 4) concluded 
that seedlings were most sns(‘e|)tible when coleoptiles were 1 to 10 milli¬ 
meters long. Xo intVetion ivas obtained by Davis after the coleo]>tiles were 
more than 16 millimeters long. The smut of blnegrass apparently is not 
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limited to such a short period of iufection. Bvideuce that infection takes 
place on older seedlings of bluegrass was obtained as a by-product of an 
experiment designed to compare the effectiveness of different kinds of 
inoculum. 

Seven glass culture dishes of moist sandy soil were steam-sterilized. On 
February 14, 1944, one dish was inoculated with a suspension of ehlamydo- 
spores from bluegrass. A second dish was inoculated with mycelial frag¬ 
ments from a nonsporeforming culture grown on agar. A third dish was 
inoculated with a suspension of chlamydospores from an agar culture. One 
week later a second set of dishes was inoculated in the same way and all six 
dishes, together with an uninoeulated check, were planted with bluegrass 
seed. Three wrecks after planting 100 seedlings from each dish w’ere trans¬ 
planted to flats of soil wdiere they were allowed to grow for six months, after 
w'hich the experiment was discontinued. It is not necessary to tabulate the 
results of this experiment for only two of the 700 transplanted plants became 
infected. These were from the dish imxudated with spores from blu(*grass 
one woek before seeding. This experiment was ])lanned on the assum])tion 
that, like the smut on timothy in the experiments of Davis (2, 4), infection 
would occur on the very young coleoptiles*'’ As a matter of toriosity one 
dish, namely the one inoculated with spores from grass at time of planting, 
was saved and the plants wore kept grow’ing in the inoculated soil. On May 
31, a little more than 3 months after planting, the j)lants w(»re (‘xamimxl and 
15 out of 337 wore found infected. The 322 remaining plants were trans¬ 
planted to flats and kept under observation until danuary 12, 1945, during 
W'hich time a total of 78 or 23 j)er cent became infected.' These results wiuild 
indicate that the plants in the experiment were removc<l from the inoculated 
soil too early and that most of the infection occurred on plants more than 
three weeks old. 

With this evidence that infection is not confined to very yoiuig seedlings, 
it W'as decided to try several other methods of inoculation. As a }>reliminary 
experiment twenty bluegrass plants growing in (dean soil were seleeted, (*a(di 
of wliich had one or more young developing tillers. These w’ere waslied and 
the roots and tillers wvre dipped momentarily iji a .snsp<‘nsion of ehlamydo- 
spores from bluegrass, after w’hich they were transplantecl into 4-imdi j)ots 
of clean soil and frequently observed, so that infect(‘d ])lHnts were obst'rvcd 
as soon as syinptoms appeared. The records of this imamlation ex)>eriment 
are as follows: 


ion days 

after inoculntion, 


idaiits ill fee ted 

r 10 pvr ('Cllt 

109 

do 

ii 

do 

IT) per frill 

121 

do 

4 

do 

20 per rent 

101 

do 

n 

do 

" 20 j»er cent 

191 

do 

8 

do 

40 per cent 

195 

do 

11 

do 

“• ,*»,') per eeiit 

227 

do 

12 

do 

- 00 ])cr cent 


These results would indicate that infection is not confined to very young 
seedlings and that parts of older plants, probably young tillers, may bec^oine 
infected readily. 
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If infection is not limited to young seedlings it seemed possible that 
inoeuluiu injected into growing plants at or near the growing point might 
prove effective. A(*eordingl\\ 25 vigorously growing seedlings were inocu¬ 
lated by injecting a suspension of fresh chlamydospores through the sheaths 
at the base of the stem in^ar the growing point. This operation was per- 



FfO. n. Thf inothod in inotniinting tdiiegraHS plants by injecting, with a hypo- 
drrmio need It*, a Miisiiensitiii (»f simit Hp<>n‘M. An <‘ffort was ntade to place the spores as 
near as ]Ktssilil(* to tin* grtiwing point witluiut seriously injuring the plant. 


formed by removing the plant from the soil and injecting the spore suspen¬ 
sion with a hypotlermic needle as shown in figure 5. The plants were then 
Transj)lanted into flats or jxits of soil and wateretl thoroughly. Infection 
was ohtainetl as follows; 


• inoculation, (i 

)dants inf(‘cti*d 24 ]U‘r cent 

<lo 9 

do - per cent 

do 

in 

do - 4n per cent 

do 

TJ 

do -4S per cent 


This experiment showed that infeetion uceurs wlien chlamydospores are 
injected witli a hAptulennie syringe into the stem of blnegrass plants. Al- 
tJiough the avenue of infeetion is not known definitely, it is probable that 
the youJig h*af tissues at or near tlie growing point constitute the infection 
court. 

When it wa.s found that a relatively high percentage of infection could be 
(d)tained by injecting spores into the stems, similar inoculations were made 
using mycelium and chlamydosi)ores from agar cultures, but very poor 
results were obtained. At the time these experiments were made all at¬ 
tempts to germinate the spores i)roduced in agar eiiltures had failed. 

In the meantime iiioeulation experiments have been devoted to improving 
the eifoctiveness of the liypodermic-needle method. This method has much 
])romise in the development of a practical means of eliminating susceptible 
strains of blnegrass and identifying the resistant ones. If we were depen¬ 
dent upon seed inoeulation, resistant strains could not be identified without 
some method of inoeulation that would give practically 100 per cent infection 
on susceptible types. Otlierwise, escapes could not be tested until seeds were 
prodiK^ed ami results of second generation tests would be complicated by 
genetic variations. With a method of inoculating relatively mature plants 
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there is no need of resorting to a second generation of j)lants from seeds. 
Bluegrass is easily propagated vegetatively and by inoculation with a hypo¬ 
dermic needle a single clone may be inoculated over and over again until its 
resistance or susceptibility is definitely determined. 

As a trial demonstration of the practical use of this method of j^rogressive 
elimination of susceptible plants 50 seedlings about 2 months old were inocu¬ 
lated with the hypodermic needle using a suspension of fresli spores from 
grass. Some of the plants were rather small and were injured during the 
inoculation and only 36 survived. Of these, 10 i)lants became infected as 
follows : 


34 days 

after inoculation, 

5 

plantH infected 

- 13.9 per cent 

37 

do 

8 

do 

= 22.2 per cent 

39 

do 

{» 

do 

= 25.0 per cent 

77 

do 

10 

do 

- 27.7 per cent 


By this time the plants had formed new tillers so 78 days after the origi¬ 
nal inoculation the 26 noninfected plants were divided into 3 to 5 separate 
plants and each plant was reinoculated with the hypodermic needle as before. 
Whenever one or more plants from a clone were found infected the entire 
clone was considered susceptible and discanj^ed. Considering eai-li clone as 
a plant the results of the second inoculation are given on a cumulative basis 
as follows: 

21 days after second inoculation, 12 ])1ants infected « per cent 


24 

do 

14 

do 

= 39.0 per cent 

26 

do 

15 

do 

'~41.1 percent 

29 

do 

16 

do 

- 44.4 per cent 

37 

do 

20 

do 

-- 55.5 per cent 

58 

do 

20 

do 

^ 55.5 per cent 


The remaining 16 plants were again divided into clones of 6 to 10 indi¬ 
vidual plants and reiiioculated with si)orcs from grass that had been incu¬ 
bated for three weeks at 35^ C. in a moist chamber. Tests sliowed about 5 
per cent germination in water. Within 44 days after tlie third inoculation 
12 more clones had been diiairiatcil, leaving only 4 clones not iiift‘cted. 
Three weeks later the remaining four clones were inoculated with fresli 
spores from grass. Three of these were eliminated within 43 days. Ii^aving 
only one clone. This was divided into 18 plants and inoculated. 

No infection developed in 70 days, so 18 i)lants were reinoculated ami oiu' 
plant developed smut after 59 days, making 100 per cent infection, thus 
eliminating them all as susceptible after a total interval of one year and 
6 days. 

This method of inoculation may seem loo slow to he j)ractical, but it is 
believed that, with further study, it can be speetled np eonsiderably. Most 
of these inoeuiations w(‘re made with ehlamydospores having low germina¬ 
tion pcre(mtages (none more than 5 per e(‘nt). Some sueeess in increasing 
the percentage of germination of spores used for inoenlation has been ob¬ 
tained by using Kreit low’s (7) heat treatment, but results have been erratic. 

ith furtheT* trials using spores with better germinating rec'onls the per¬ 
centages of inteetion from a single set of imxuilations should be iuereased. 
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In many of the experiments reported the grass grew very slowly and the 
slow growth may have contributed to the long incubation period. Although 
the incubation j^eriods have been discouragingly long, they are, as a rule, 
shorter following hypodermic-needle inoculation than after any other 
method. The shortest incubation period recorded is 13 days following hypo- 
dermic-needle inoculation, while the shortest for seed or soil inoculation is 
36 days. 

When routine inoculation tests are made and when the only consideration 
is the elimination of susceptible clones, it should be possible to combine hypo¬ 
dermic-needle ino(Milation with soil inoculation and shorten the time interval 
considerably. 

The for(‘going experiments do ]iot constitute all of the inoculation tests 
that have been made, but they are considered representative of the results 
obtained to date. Some inoculation tests have, for no explainable reason, 
failed to pro<lnce any infec'tion, but, with further practice and experience, 
results be<‘.ome consistently more successful. Thus, in an experiment started 
on May 17, 1944, in which 148 jjiaiits were inoculated with the hypodermic 
needle using fresh spores from grass, 48.6 })er cent of the plants became 
infected by January 12, 1945, as a result of the original inoculation. This 
is considered to be a fair average of success with the hypodermic-needle 
metluxl alone. 

Further e.xperiments are under way with the aim of perfecting the 
imdhod for practical use as well as to learn more about the methods of infec- 
ti<»n and life* history of the fungus in nature. 

DISCUSSION 

I fitilagn stridi fifnnis on bluegrass differs in many respects from that on 
otJier grasses as described by Davis, Fischer, and others. The formation of 
tyj>ical chlamydospon's on artificial media has not been reported previously 
f(»r this organism, and is not common in otluT smut fungi, although Wang 
(11) has described a similar |ihenomenon for Usfilago crameri Kcke. Be¬ 
cause of this ability of the fungus to complete its entire life history on arti¬ 
ficial media it lends itself well to cytological and genetic studies. Prelimi¬ 
nary studies of this nature are under way ami will be reported later. 

The failure of the fungus to produce the usual type of sporidia and the 
occurrence of infectiou from soil-borne inoculum long afttn* the seedling 
stage are iji contrast to previously accepted concepts of the life history of 
the s[)ecies. Its behavior in this respect is probably correlated with the 
grow th habits of bluegrass. In nature the chlamyilospores most likely germi¬ 
nate in the soil, forming a myc'cliinn that is <'a])able of infecting the young 
tillers, as well as young .seedlings. 

SUMMARY 

1. VsiiUifio strkn'f<fnnis from bluegrass is readily cultivated on artificial 
media. (’hlamy<lospores are formed on agar in great abundance and, al- 
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though some ol* them are slightly abnormal in size and shape, they germinate 
normally, produeing eultiires indistinguishable^ from those arising from 
spores produeed on bliiegrass. 

2. Chlamydospores germinate by forming one or more branched germ- 
tubes that grow into a mycelium on nutrient agar. Two types of colonies 
occur; one that breaks up into sporidia-like fragments, and one that is tyj)i- 
cally mycelial. Both types of growth may produce chlainydosjmres, but 
certain cAiltures of each growth type have not sporulated. 

3. Conventional methods of seed inoculation resulted in low percentages 
of infection. Relatively good infection was obtained by soil inoculation and 
by injecting chlamydospores with a hypodermic' n(*edle into the stem n(»ar 
the growing point. 

4. Infection from the .soil is not confined to the young co1<»optile, but may 
occur on older plants, probably through young tillers. 

5. The practicability of inoculating vegetatively f)ropagated clones of 
bliiegrass has been demonstrated. It appears to be a promising means of 
eliminating susceptible clones and identifying resistant ones in a program of 
selecting or breeding smut-resistant strains; of bliiegrass. 

Wkst Virginia AGRirrLTURAL Expkrimknt Station, 

Morgantown, West Virginia. 
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TATTER LEAF OF SWEET CHERRY^ 

R . S . W J L L 1 S 0 N AND G . IT . BERKELEY 
for piiblioiition AufjiiHt 13, 1945) 

III mi(l-JiiU(‘, 1940, advice was requested in eonnection with abnormalities 
in sweet cherry fruits, purported to be of the Black Tartarian variety, in an 
orchard near Nia},^ara Falls, Ontario. On inspection, the fruit was found 
to be slifrhtly smaller than normal and appeared to be ripening prematurely. 
The fruit surface was soinewliat roughened with shallow pitting, in many 
<*ases centered around tiny black specks. The foliage showed considerable 
interveinal pallor. Tliis (‘ondition, which has frequently been observed on 
ch(»rry leaves in the s])ring and whicli is usually outgrown as the leaves 
matur(\ is regarded as being induced by growth factors at present obscure. 
In addition to tliis ‘‘growth mottle,” however, the trees in question showed 
a faint blotching and rhlorotic flecking suggestive of a mild virosis. Exami¬ 
nation of fruits and h*avcs Tailed to disclose bacterial or fungal parasites 
that might account for the dis(‘ase. The following season, symptoms on 
trees in this orchard ranged from traces of mottling alone to mottling accom- 
I>anied by more or less laceration. 

lanaJMi.vAKV tksts op thansmissihility 

In June. 194(1, small ])ie(*es of bark from the smaller branches of one of 
the affected trees were jiatch-grafted on the trunk <d‘ a two-year Elberta 
peach tree ami on two suck(*rs of a thirteen-year-old Black Tartarian tree in 
the laboratory orchard. The inoculated cherry tree, in 1941, put out dwarfed 
sfioots and small, ruflled leaves u[) and d(»wn the main branch bearing the 
inoculated shoots and on the adjacent side of tlie next main branch. The 
remainder of the tree was normal in appearance throughout the 1941 grow¬ 
ing season Affected leaves w<*re marked intervidnally with brown flecks, 
rings, lines, and streaks wliieli soon dro])ped out, leaving a lacy network of 
tissue very often involving almost the whole leaf. Most of the lacerated 
I(*aves were i-etained throughout the summer, though the effects of the disease 
gra<lnal)y became obscured by the development of new leaves, almost normal 
in size and either witliont markings or with faint patterns of the banded or 
oiitlim* “oak-leaf’ type. A similar .sequence of e^’ents has taken place in 
this tree in tin* growing seasons of 1942, 19411, and 1944. By 1942, the dis¬ 
ease had spread 111 rough most of the iiiocidated tree, and in 1943 and 1944, 
there were indi(‘ations that its effects were gradually decreasing in severity. 
The fruit symptoms noted oil the original tree liave not been observed on the 
inoculated one and may not have been caused by this disease. 

Further evidence that the disease is graft-transmissible, and thus of virus 
origin, was obtained from the young inoculated Elberta tree, many leaves 

I C’ontrihutifm No. SIS from tlie Division of Botan;^’ and Plant Pathology, Science 
Service, Department of Agriculture, Ottawa, Canada. 



74 


PlIVTOPATIJOLOGY 


|VoL. 3f> 


of which were marked with smaJl rin^s and chlorotic and necrotic spots early 
in May, 1941. These synii)toms, which were the only ones apparent in the 
first season after inoculation, did not occur in 1942 and suhsetjuent years, 
when a variety of other syiiiptoins appeared later in the season on a number 
of leaves scattered throuj?h the tree. These included faint but definite 
mosaic and oak-leaf patterns (Fijr. 1, D), rin^s, and a curious premature 
aj^ijijj: of the upper leaf surfa^^e (Fij;. 1, C) which appeared as if covered 
with a very thin, finely checked, dull, dirty yellow encrustation. 

Since 1940, the disease, for which the name “tatter leaf“ (11) seems to 
be appropriate, has been seen in several orchards in the Niajrara Peninsula. 
Hildebrand and Palmiter (11) have observed cases of tatter leaf on sweet 
cherries in New York State, A similar condition, called “lace leaf” and 
considered to be distinct fi'oni cherry mottle leaf, has been repoi’ted from 
Washington State by Reeves (9) on the varit^ties Rin^\ Na])oleon, and 
Deacon. Cochran (4, o) also records lace leaf on sweet cherry followinjr 
inoculation with a rin<>: spot of peach. 

THE DIFFERENTIAL l.'OST RAN(JE 

/ 

After the jireliminary demonstration that tatter leaf was ^.iraft-trans- 
missibi(‘, the virus was transferrt‘d by buddin;r, in 1941 and 1942, to the 
several varieties of the jrenus Prunns comprising the ranjrc <4* the diffei'cntial 
hosts used in studyinjr the virus diseases of stone fruits i 12; namely : /b aaa.v 
domrstlca var. Italian prune, (b‘rman prune. Lombard, and licine Claude; 
P. saliciiia var. Abundance; P. p( rsira var. Hoclu^stt*!*, EllxuMa, and seed- 
linirs; P. av'nitn var. Napoleon (Royal Anne), Hinjr, Rlack Tartarian, and 
seedlinir; P. (‘(nisus var. Montmoren<*y; /'. a nisifn a, M\ rohalan set‘dlin«rs; 
and P. muhahh, seedlinjrs. Throughout the exp(*riment^. the Illack Tar¬ 
tarian tree inoculated in 1!)4() was the source of the diseased ])ihls used in 
makin<4’ inoculations. 

.METHODS 

The transfer of the virus to the respective diir(M-ential hosts was ctbM-trd 
in two ways: by the double-biiddinu' tetdinicpu* ( 12) and directly to nursery 
stock or to orchard trees. In double-luuhlin'r, a bud from the diseased tree 
and one from the desired host variety were inserted on each of thre«* stock 
plants, usually peach or Myrobalan .scedliims, which w<‘i*e cut ba»‘k to the 
upper ?:rafted bud the followin^^ sprinjr. This method has the advanta^^^e 
over tlirect inoculation of nursery stock of perniittinjr the use of dilTerential 
varieties of clonal (U*i;rin, (»ach indexed on pea<*h, concurrently with inocula¬ 
tion, to Ascertain its fn'edom from virus infection. The varietal cions, on 
wdiich syin[)toms are described below and whi(*h were used in double-biuldin}>‘, 
Avere healthy unless otherwise specifie<i. The nursiu’v slock may or may not 
have been healthy, as it anus not iiidexiHl because of bu'k of indexing stock, 
but it appeared to be normal thnm^hout the summer of 1942 before inocu¬ 
lation. 
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varietal reactions 

On Italian prune .—Jn the doiib]e-biul(lin{r experiment on peach stock in 
1941, transmission was indicated by symptoms on the peach folia«^e. The 
prune, however, showed only a faijit mottle on a few leaves in the three 
subsequent seasons. 

On the nnr.sery stock, an indistinct mottle was observed on leaves near 
the point of inoculation in the first year, but not in the second. 

On German prune .—Only the doiible-buddijif^ technique was used with 
(jjerman j)rune. The ])each strx^k indicated a positive transfer of the tatter- 
leaf virus, but tlu* j)ruiie remained symptomless for three seasons after 
inoculation. 

On Lombard plum. —On nnr.sery stock, the diseased cherry buds estab¬ 
lished union with the Lombard, but the only symptoms observed on the plum 
were some faint irrejrular ])ale markinjrs (Pi^^ 2, G) or slight necrotic 
spotting and slmtholing <m a few leaves in the first season. The next 3 ^ear, 
very few faint ]»at1erns apjieared. 

Ou helne Glaud( plum. — Definite synqdoms occurred on the peach stock 
doubh^-budtled with Heine Claude plum ami tatter-leaf cherry in 1941, but 
the only indication <d‘ infci'tJon ou the plum was a v(‘ry faint mottle, some¬ 
times approaching the oak-leaf type of pattern, and appearing annually in 
early summer. 

Ou Abundauei plum.- After double-budding on Myrobalan stock in 1942, 
Abumlane<‘ shoots grew vigonnisly, but, like the varieties of P. domesfiea, 
wen* not nnich affect<*<l by the virus. In the two years since inoculation, 
some mid-season leav<‘s were pt*rforated with a few scattered pinholes, a 
feature m»t obM*rved on Abnmiance in other seru*s. According to the results 
nj' indexing cm ])each, the Abundance cion, though apparently syiiiptomless. 
was <*arrying a virus ol* the ])each-yellows-little-j)eacb grou]>. 

Ou Unchtsiir ptaeh. lno(Milation of this variety was made in 1942 on 
nursery st(»ek only. At the beginning of the 1943 growing season, slight 
su]>erfieial bark jiecrosis was observed near the inserted buds, and some 
leaves were d<*finitely marked with small confluent rings, either dark green 
with pale centers (Fig. 1, A) or pale green witli dark ctmters (Fig. 1, B). 
and nmstly in the pn)ximal three-(|uarters of the leaf lamina. On some 
leav<*s. the rings were larger and more irregular, and on others, part of the 
surfa<*e was chlorotic* and dottetl with small ein'iiktr to oblong green islands. 
Tlu*se patterns disappeaivd lat(‘r in the summer when, except for some lacer¬ 
ation of ohler leaves, other .synqdoms wen* wanting. In 1944, none of the 
<*arly .se.saon symptoms a|)peared, but the foliage was somew’hat dull and a 
few' leaves wert* mark(‘d w ith the mid-s(»a.son symptoms deseribed on Elberta. 
The first ci-op of fruit, in l!t44, was only slightly red\iced, if at all. 

On Elheriu pateh and stidliutf. —The reaction of Elberta nursery st(»ck 
to tatter h\af was similar to that of Hoehe.ster but somewhat le.ss pronounced, 
except for the laceration of older leaves, which was pre(*eded by the forma¬ 
tion t»f red-rimme<l, fawn-coloretl, necrotic areas. 



Fig. 1. Symptoms of tatter loaf on peacli and Na}ilooon rlierry. A-H. Aoutt* symp¬ 
toms on Rochester poach. C-PL (’hronic Hymptums on Klherta ])oacli. F-H. Fat terns 
and necrosis on Napoleon. 
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In tlu^ doubJo-bnddin*^ experiment of 1941, on the other Iiand, the eharac- 
t(‘riKti<* early season symptoms were absent from the shoots both from the 
inserted Elberta bud and from the cut-back seedlings, but, as the leaves 
matured in the first season, their upi)er surfaces became somewhat lusterless 
and in some instaiuies looked as though tiiey had been lightl 3 " scoured with 
fine sand-pajier near the margins. By the end of eluly, there had appeared 
the t 3 "pical faint mosaic (Fig. 1,1);, the surface aging (Fig. 1, C), and other 
patterns, \vhich did not occur on the larger trees until the second summer. 
In addition, a nuinb(‘r of leaves on most trees in this series were lightly" 
sprinkled with a fine, i)ersisteiit, red pin-spotting (Fig. 1, E). On the other 
hand, the fawn necroses and laceration of leaf tissue were wanting. The 
t.vpieal mid-season symptoms were also observed on these plants in the second 
and third years after inoculation. Some variations in the degree of s^mip- 
tom expressijju were noted on different peach seedlings. 

(hi HUivk Tarfanan rlu rrff.- ~{)u nursery stock, some of the early leaves 
on a few spurs close t<> the inserted diseased buds were marked in the first 
season with fine brown lint‘s (Fig. 2, A), roughlj' parallel to the main veins 
and outlining areas wliich later became necrotic (Fig. 2, B) and dropped 
out to give the tyi)ical lacy elTe(*t (Fig. 2, C, I)). On Black Tartarian, the 
lacerations W(‘re int<‘r\einal and rarely if ever did they cross the main veins. 
Oth(‘r leaves on the same spurs were faintly mottled 'wtth 3’ellowish green. 
B\’ the beginning of the second season, symptoms of both sorts were apparent 
<»n many leaves over about half the tree, fn both years, leaves formed after 
the middle of June wen* symptomless. On the whole, tattering was much 
less s(‘vere on the nnrst‘ry slock than <m the orchard tree inoculated in 1940. 

Late in August, l!41. a Black Tartarian tn^e of the same age as that used 
ill the prelill!iliary tests was inoculated by budding on .shoots near tlie base 
of a main branch. Typical lirown line markings and tattering were observed 
in the spring of lft42 but tody on the inoculated shoot. Tin* disease did not 
spread completely through tlie tree until 1944, when tattered leaves were 
relatively few. compared with those marked with a modifieil form of oak-leaf 
pattern. These sym]>loms a|»peared on leave.s scattered here and there all 
over the tree. 

Oh yapolfOH chernj. -The onl.v symptoms on Napoleon nursery- stock in 
194‘J wen* observed early in the season near the point of inoculation. A few 
leaves were marked with small, pale green to chlorotic rings (Fig. 1, F), and 
some with larger, pale green rings or green-riiumed irregular pale areas (Fig. 
1, 0L Most of the patterns were faint and transient. A few necrotic spots, 
iutervenial necrotic streaks (Fig, 1, II), and lacerations occurred on some 
leaves, but the tattering effect was less tlian on Black Tartarian. Some 
coarse, (ddorotic lines and rings appeared in the second season over a larger 
area of the tree, but the necrotic markings and tattering were again incon- 
s[)i(*nous. 

Oil Uimj chfiTif- A small branch of a large, bearing tree was inoculated 
in August, 1941. The following spring, the first leaves to open on the iiiocu- 




Fig. 2. SymptoiriH of tatter leaf on sweet cherry (Hlack Tartarian and Bing), on 
sour cherry (MontinoreTicy), and on Plum (Lombard). A-1). Stages in the development 
of tattering on Black Tartarian. K-F. Necrosis, tattering, and riiflling in Bing. (?. Mild 
mottle on Jjombard. ll-d. Ring and necrotie spotting on Montiiioreiiev. 






1946] WlLLISON AND BERKELEY: TaTTER LeaF OF SWEET CiTERUY 


79 


lat(^(l shoot displayed some mottling and fine brownish etelied lines (piiekly 
passing over into necroses (h"ig. 2, F) and laeeration (Pig. 2, E), which, 
instead of being interveinaJ as in Blae.k Tartarian, involved larger areas of 
the leal* surface aiul often extended across main veins. Affected leaves 
tended to be ruffled and twisted (Fig. 2, E, F). No further symptoms 
appeared that season, but by llie .spring of 1948 tlie disease became evident 
on nearby branches, and by 1944 had si)read throughout the tree. Symp- 
toJiis in the second and tliird seasons varied from rings, mild patterns of the 
oakdeaf type, ami mosaic mottling to necrosis, laceration, and distortion. 

On a sweet ehrrrjf seedllufj .—A seedling of Elkhorn parentage was inocu¬ 
lated in the fall of 1941. Early in the next season, the seedling was cut 
back and the early leaves both of the seedling and of the inserted diseased 
Black Tartarian shoot were mildly but definitely mottled, but the character¬ 
istic lacerations failed to ap])ear. In 1943 and 1944 a few leaves of both 
shoots were slightly tatter(‘d, but the predominating symptom was again the 
mild mottling, in either a mosaic or an oak-leaf pattern. 

0)1 Moniymtrt ac?/ vho ry .—The first symptoms to appear on the foliage of 
Moiitm(»ren(*y nurser\ sto<'k in the s[)ring after inoculation were fine, trans¬ 
lucent to dark brown, etcdied rings in all siz(»s up to about two millimeters 
in diameter ( Fig-, 2, II. J). The larger rings tended to be complete and 
regular, though frequently in tangential contact (Fig. 2, I). On the other 
haml, tile smalhu* ones were often incomplete, confluent, and crowded to 
make a mdwork trai'cry (Fig, 2, H). Numerous fawn-colored and usually 
isolated necrotic* s]>ots of various sha]>es and sizes, delimited by fine, red- 
hrown lines ( Fig. 2, 4), w(*re also ju-esent very early in the season, both on 
riiig-s[H»t leiives and on others. Mo.st of the necrotic areas dropped out, but 
the ring spot.s, for the most part, either reiiiained iinehajiged or gradually 
faded out. Symptoms wen* |U*eYah»nt on foliage above the inoculation point, 
hut were few below. The h*aves produe(*d from mid-June on were symptom- 
h'ss, s<» that, in late summer, the trees ]n-esented at first glance an almost 
healtliv ap]>earanee, though, on closer examination, symptoms eonld still be 
seen on the older leaves. 

Tn the seco?ul y(‘av. a diff*ereut set of sym])toins made their appearance at 
tin* beginning of the season, ('onsisting of shiny lines and a trace of mottle 
on a few leaves, hut tliere was little or no neerotie sjxdting. Much of the 
foliage put (uit np to tlie eml of June was characterized by undulaiit mar¬ 
gins, soim^ rugosity, and more (u- less twisting of the laminae. As the season 
})rogTessed, the new h‘aves develo})ed more normally, and tended to obscure 
tile general symptom ])ietnre. 

On My)'ohalau Although the tissties of buds and stock had 

united in several instaiiees, so that transmission was possible, no symptoms 
were observed on IMyrohalan seedlings in two years after inoculation. 

On Maintirh s( t fUinfjs .—The leaves of tlie two Malialeb seedlings on which 
union witli the diseased bud had taken place exhibited a very faint mottle 
early in tlie first season and a variety of patterns, such as oak-leaf, coarse 
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lines and rin^s, and fine eonfluent riiigfs, later in the summer. The latter 
symptoms reappeared on only one of the seedlings in the second year. A 
third Mahalel) seedling, on which the bud died shortly nfter insertion, re¬ 
mained symptomless both years. 


DISCUSSION 

Experience in recent years has shown that some |)1nm and sweet cherry 
varieties and especially the sour cherry variety, Montmorency, can and fre¬ 
quently do carry virus without showing recognizable symptoms. IVaches, 
on the other hand, have so far been found to be free from masked viroses in 
nature, though it has been shown experimentally that they can act as carriers 
of certain viruses after liaving “recovered’’ from the initial phase of the 
disease. This characteristic of certain varieties of carrying a virus symp¬ 
tomless has to be taken into account in all experiments with virus diseases of 
stone fruits, however, to date, there has been no positive (‘vidence that a 
masked virosis in a carrier has modified to any great extent the symi)toms 
induced by another virus transmitted to that host. ('ons(M|uently, sym])toms 
manifested by a variety after, but not before, imu-ulation can be considered 
to be the result of that inoculation. 

The plum varieties tested so far, as well as the Myj'obalan stock, have 
been little affected by tatter leaf. Any indications of transmission have been 
so tantalizingly indefinite that transfers from inoculated plum varieties 
back to cherry and peach will have to be made for confirmation. 

There were some apparent discrepamdes in the ^ymptom pi(*turc on 
peaches with regard both to the early and to the mid-sf'ason syinjitoms. It 
should be noted that the rings and chlorotic markings, wlii»*h. occurrinL** only 
at the beginning of tlie first season after inocidation, may be regarded as the 
acute phase of the disease, cf. MeKinney and Clayton ^8), wei-e found on tlie 
nursery stock but not on the double-budded s(‘edlings whieh were cut back. 
It has also been observed, in connection with a nuinlier of other ston<*-fruit 
viruses under investigation, that the acute .symiitoms which tiny normally 
induce on uiipruned peach seedlings have been suppress(‘d by cutting llie 
seedling back to the bud. There is no reason to believe that the movement 
of the tatter-leaf virus in the host difivrs essentially from that of other 
viruses which is c'oiisidered to be in the direction of the flow of the main 
stream of elaborated foods (1, 2). Accordingly, after inoculation in the 
fall, the virus would tend to move out into the tissues in the iiiimediate 
vicinity of the inserted hud and possibly below’ it, and to remain there until 
carried to the upjier ])art of the tree Avhen movement of food materials and 
growth are resuiued in the siting. Indeed, the distribution of symptoms in 
Montmorency suggests that little movement of the virus takes plaice until 
spring. McKinney ami Clayton (8) cemsider that the developmental stage 
at which tissue becomes infected tends to determiue tlie. type of dis(‘ase 
reaction. If, as suggested by Vallcaii (10) in connection with ring spot of 
tobac(*o, the acute ])base is due to the infection of already differentiated tis- 
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sues and the eiirojiic phase lollows invasion of undifferentiated embryonic tis¬ 
sue, it would appear that the tatter-leaf virus did not move out into the upper 
buds of cither seedling or larger tree until after the first leaves were partly 
formed. In support of this view was the tendency for the acute symptoms 
to be located in the basal tlir(*{*-(|uarters of affecded leaves rather than in the 
tips. Cutting back the inoculated seedlings, besides circumventing this 
dev^elopment, either fon-es into growth already infected buds close to the 
graft or induces the proiliiction of adventitious shoots from infected tissue. 
The early appearance of chronic symptoms in the first season on cut-back 
seedlings I'an be accounted for by the development of shoots from infected 
meristenis, supplemented by the comparatively rapid multiplication of the 
virus during the very vigorous growth induced by the cutting-back opera¬ 
tion. On the other hand, in the larger trees where chronic symptoms were 
delayed until tin* s(MM>nd season or later, the slower a(*cumulation of the virus 
to the degree of concentration and distribution necessary for symptom 
expression, was jirobably due to the relatively smaller dosage of inoculum, 
only one or two diseased bu<ls being used in inoculation, and in some measure 
to tile less ra]>id mnlti[)lit‘ation of the virus incident to less vigorous growth. 

Some dilTerences in the reaction of sweet cherry varieties to tatter leaf 
were indic-ated. Na]ioleoii appeared to be the least susceptible, exhibiting 
chlorotic ring, line, and other j)atterns, and comi)arativcl 3 " little necrosis and 
tattering. Bing, on the other hand, was more affected by tattering than was 
BlH<*k Tartarian, ])arti<‘ularly with respect to the size of the necrotic areas 
on individual leaves. While P>lack Tartarian appears to occupy an inter¬ 
mediate position of sus<M*])tibility, its behavior after inoculation has been 
somewhat aimmalous, both in the severity and extent of tattering and in the 
rat<* at which inre<*tion sjiread through individual trees. It may well be that 
the differeiK'Cs ol)served should be attributed to the time of year at which 
infection took plaiM* rather than t(» the vagaries of the variety itself. The 
orchard tree, in which violent symjdoms of tattering appeared over about 
a thinl of the tire in the first season and which was almost completely in- 
fecte<l the next year, was inoculated in dune when active growth was in 
progress. All otiur Black Tartarian trees and those of other cherry varie- 
ti(\s were iiUK'ulated iji late didy or early August after growth had slowed 
down. Symptom expression in these trees was restricted the following 
s])ring to shoots near the point of inoculation and at least two more growing 
seasons wi*re reipiired for the disease to permeate each tree. It is therefore 
reasonable to suggest that both the movement and the multiplication of the 
virus in the host were more extensive after the early summer infection than 
after the later ones. 

The role of foliar neci’oses and lacerations in the symptom expression of 
tatter leaf on sweet cherries is not entirely clear at jmesent. On the grounds 
that the tree from wliich the virus was originally obtained had no such symp¬ 
toms and may have had the disease for a number of years, it may be argued 
that the tatter-leaf condition is part of the acute phase. A similar conclusion 
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is suggested by the aJinost coinplete abseiiee of tattering both on the sweet 
eherry seedling inoeiilcited in 1941 and on tlie Blaek Tartarian budded 
thereon, if it be assLiiiit*d that eiitting baek suppresses acute syiiip onis in 
sweet cherries as it does in peaches. Furtherniore, the evidence so far ob¬ 
tainable from the iiioculatii>ns of nursery stock and of larger trees, while 
inconclusive, is not incompatible with the theory. On the otlier hand, recur¬ 
rence of tattering on tlie Black Tartarian inoculated in June, 1940, indicates 
that the so-called acute synii)loin, though gradually waning, may I ‘ue almost 
the persistence of a chronic one. It setuns probable that the time of year at 
which infeciioii o(*curred and possibly a higher level of virus content may 
have been factors in prolonging the production of an acmte .\vmptom. 
Whether or not the necroses and lacerations are shown to be the ac ite symi)- 
toms and the non-necrotic patterns, the chronic ones, both tyi)es are manifest 
on sweet cherry only on leaves i)roduced in the early part of the summer. 
Additional data are necessary to determine how much this seasonal j)ecu]i- 
arity is due to external factors, as for example temperatures during leaf 
development (7), and how much to internal factors, such as the rate of move¬ 
ment and multiplication of virus within the host. 

The etched rings and necrotic spotting which constitute the acute symj)- 
toms of tatter leaf on Montmorency, bear considerable rcsembhuice not only 
to the acute sym])toiiis of the more virulent strains of prune dwarf (12), but 
also to those of necrotic ring siw)t of sour chcrr\ (3, 6) on the same host. 
This similarity of symptoms can be explained by assuming either that each 
of the diseases in (piestion is caused by one of tlu'cv closely nJated singb* 
viruses, or that one or more is caused by a virus (*omplex, one component of 
which is common to all three, or that Montmorency <*an react with much the 
same response to more than one distinct virus. Though the problem of po.ssi- 
ble relationships thus posed cannot be fully resolved from the data at pivsent 
available, some deductions can be made. The distinct differences between 
the symptoms of tatter leaf and those of prime dwarf on otluT varieties of 
the range of differential hosts is an argument against the close relationship 
of the causal viruses and in favor of the theory of like liost response to unlike 
causes, provided of course that a virus complex is jiot involved in one or both 
diseases. Up to the present, differential symptom expression on the range 
of hosts used in the experiment and partienlarly on the peach, leads to a 
similar conclusion, regarding tatter leaf ami necrotic ring spot, which is 
supported by the following piece of circumstantial evidence. Subinocula¬ 
tion to clonal yearling Italian prune tr(‘es from the Montmonmey, Napoleon, 
^nd Black Tartarian nursery stock, to which tatter hvif had been previously 
transmitted, demonstrated that the Montmoreuey carried a second virus 
which was not present in the other two varieties and whiidi in all probability 
was one of the forms of neendic ring spot commonly oeeurring in masked 
form in Montmorency. Since the inoculation with tatter leaf induced strik¬ 
ing symptoms on an already diseased Montmorenc.y, the introduced virus 
was evidently not the same as the inherent one. On the other hand, one of 
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two Black Tartarian trees inoculated with necrotic riiij? spot from sour 
cherry liad, in two seasons, leaves with synif)toms resomblinj? those of tatter 
leaf, thouj^h, on the whole, the sweet cherry was much less affected by the 
necrotic-rin<»:-si)ot virus than by the tatter-leaf virus. Hildebrand also re¬ 
ported (6, 11) that the sour cherry rinj;;^ si)ot induced tatter-leaf symptoms 
on sweet cherry. It is i)ossible that the necrotic-rin{^-spot virus he used was 
more closely related to the tatter-leaf virus than the Canadian strain seems 
to have been. 

In so i*ar as jiruiu* dwarf, tatter leaf, and necrotic ring sj)Ot of sour 
cherry can be separated as three distinct viroses, on the basis of their symp¬ 
tom ext)ressioM on a common range of differential hosts, it is necessary to 
postulate the existence of at least three distinct viruses or virus strains, 
whether they act sijigly or as part of a complex. If they are related and 
how closely lli(\v are j-elated are vexed rpiestions which must await the out¬ 
come of further research. 


STTMMAKY 

Tatter leal* of sweet cherry is a virus disease named for its most striking 
symptom on that host, and has been found in several orchards of the Niagara 
Peninsula in Ontario. One strain of the causal virus has been transmitted 
to a range of hosts comprising several varieties of plums, peaches, and sweet 
anti sour cherries. 

The disease has little aiiparent effect on plum varieties, some of which 
react with an indistinct mild mottle on early leaves. 

On jieach, the acute symptoms (slight su])erficial bark necrosis, ring pat- 
tei'iis, and chloi'otii* mai’kings) ajipear at the beginning of the first growing 
st‘ason after incMudation. Subsequently, usually in the second year, chronic 
symptoms including faint mosaic and oak-leaf ]>atterns, dullness and prema¬ 
ture aiiing of the u|q)»*r leaf surface, fine red pin-spotting, and occasionally 
red rim, fawn necroses, are to be found on leaves scattere<l over the tree. 
Acute symptoms are supjiressed in favor of the chronic symptoms when 
seedlings inoculated in late summer are cut back to the bud the following 
spring. 

The first sym])toms to appear (»n Black Tartarian cherry trees the spring 
after inoculation are tine brown lines circumscribing iiiterveinal areas w’hich 
soon become necrotic ami ilrop out. Faint yellowish mottling and oak-leaf 
j)atterns also oc('ur. Symj)tom expression appears to be confined to leaves 
emerging early in the growing season and to vary in ijiteiisity and extent 
with the time of year at which iid'ection takes place, becoming less intense 
and more restricted in distribution the later the infection. Necrosis and 
laceration affect Napoleon to a lesser and Bing to a greater degree than Black 
Tartarian. 

Pino etclied rings and necrotic spotting form the acute phase, and undula¬ 
tions, rugosity, and twisting of the leaf laminae the chronic phase on the sour 
(jherry variety, Montmorency. The acute symptoms resemble those of ne- 
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erotic rinj? spot and some strains of prune dwarf on that variet}'’, but the 
relationships, if any, of the causal viruses are as yet a matter of conjecture. 
Dominion Laboratory of Plant Pathology, 

St. Catharines, Ontario, Canada. 
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ANNOUNCEMENT 

Hotel lieinUjuarter s for the ineeliiijrs of the Anieriean Phytopatholo^ical 
Society at St. Louis, Missouri, Mareh 27-80 wilJ be aunoimeed in the Febru¬ 
ary issue of PiiYToi^ATiKaxMJY. Assi^iiiueiits by the Anieriean Assoeiation 
for th(‘ Advaneenient of S('ienee were not aiiiioiineed before the January 
issiK* went to jiress. 

Alistraets of jiaiiers to be jiresented at the meetings of the Society are 
due in tlie Offiei* of the Secretary not later than January 25, as was an- 
nounc'cd in the OtM^einber issue of Phvtopatiiolooy. 




EDWARD FRANKLIN GAINES 
1886-1944 

ir A R K Y Ji . Humph k e y and F k k d k r i p k J . Stevenson 

Edward Franklin dailies was born January 12, 1886, near Avalon, 
Missouri. When a lad oJ‘ fourteen the family moved from Missouri to a 
farm near (.'hewelali, in the Colville A’^alley of northeastern Washinjiftoii. 
It was here and in Missouri that he received his public school education. 
Thereafter he attended the State Xormal School at Cheney, Washin^rton, 
where he was f^raduated in 11107. We next find him as the prin(*ij)al of n 
p;rade school in Uitzville. In 1909 lie entered the State College of Washing¬ 
ton, at Pullman, where, in 1911, he received the decree of Bachelor of 
Science in Ajifriculture. 

On jrradnation th(‘ sul)jcct ol* our narrative was appointed to a position 
on the Exp<‘riment Station staff, as assistant cerealist. The nature of this 
appointment enabled him to contiinu' his studies to the end that in June. 
1919, he was awai*decl the M.S. d(‘«»Tee. We next find him for a semester 
in 1915 at Harvard rnivcu’sity as a ;:radnate student of trenetics and i)lant 
brcf'ditiji' under the leadership of the late Dr. E. M. East. Ileturnin^^ to 
Pullman, In* i-esnnied his dutit*s as assistant cerealist, which ])osition he filled 
until PUT, when he Mas jirnnioted to the rank of cerealist. In 1920 he M'as 
a*raiii ”ranted h^ave tor resumption of his jmst^ai'aduate studies at Harvard, 
where, in 1921, ht* received the de<»ree of Doctor of Science. 

By May of partial a<'kn<»M’led^nuent of the outstanding** (juality and char- 
aider of Di*. Caines as student and man, it suflices here to mention the fact 
that, M'hile at Pullman, he was clecttHl to membership in Alpha tiamma Rho. 
Al])ha Zeta. Plii Kajipa Phi. Siuuia Xi. Phi Si<»nia, and Phi Beta Kapi)a. 
or tliese honors ami baibjcs oi' student esteem and distinction he m'hs justly 
l>n»ud, yel he Mas (‘ver tlh' same M’holesoineiy modest ami genuine student, 
and ins])irinu teacher. 

11 is ability as a teaciuM* was early recojinizcil, and he scrveil his alma 
inatiM* eminently, first a> instructor in aji’ronomy (1911-1917), then as assis¬ 
tant ])roi'essor of farm cro])s (P)17--1921), and associate ])rofessor of farm 
crops (1921“1990), and finally as |>rofessor of jienetics in agronomy, from 
1990 until his death. Because of illness, he Mas unable to be at his desk 
durinjr the last nineteen months of his life. 

The last six months of 1990 Dr. Caines spent in Euro]>e, M’here he 
visit(‘d exj)erinient stations and e<lucational institutions in Great Britain. 
Russia, Cermany, SMcden, and Denmark. Incidentally, M'hile in Europe, 
he attended tlu‘ Fifth International Bvdanical Con^M'css, at Cambrid^^e, and 
the Sei'ond International Conjrress of Soil Science, held that summer in 
Leninjirad and :\1 os(*om'. In early Dctober he took up residence in Halle, 
Cermany, seat of the Institute for Plant Breedin^^ and Plant Research. 
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Here lie visited and made obs(»rvatioiis on the several field experiments and 
had aeeess to th(‘ records. He also made several excursions into the sur> 
ronmliii" country, where he visited private plant-breed in*? centers, oiitlyini^ 
stations of the Institute, centers of beet-sujrar production, and several larjre, 
privately owned farms. 

Most important amon<r Dr. Gaines’ contributions as a jreiieticist and 
])lant bn^eder are his jiajiers on the <renetics of bunt resistance in wheat and 
his studies on the inheritance of smut resistance in wheat and oats. The 
appended list of his finblished reseandi will afford tlie I'cader a ready <?rasp 
of the ranj**e and im]M>rtanc(‘ of his scientific contributions to our knowledjze 
of a^n'onomy, and of j 4 :enetics as ajiplied to breedinjjr for disease resistance. 

Durin^^ liis lonji term of service as a teacher students came to Dr. (laines 
fn»m ('anada, lieljrinm, Germany, the Philipi)ines, (Miina, and Ja]>an to 
study under his supervision. II<‘ was visited by geneticists from every con¬ 
tinent, men who desired particularly to learn of his m(*th()ds and results. 

To his intimate friends ‘‘Ed” (laines was more than a i^^reat scientist. 
He was a ^M'eat man. Jle believeil in mankind and in his social betterment, 
and was always to lx* found in the front raidvs of idiaracder-buiklin^ or«raid- 
zations. Hi* w(»rked with yoiinjr ]>eopIe in the Boy Scouts and in tlie Church, 
with students in various colle<re or»ranizations, esiiecially in the Alpha 
Gamma Kim frat(‘rnity, and with farmers, in whose welfare he always 
showed, thriMi^**!! the tiran;»'e, an intense intcr(‘st. 

He radiated trustworthiness and steadfastness of ])ur])ose. He had the 
ability to undertake worthwhile projects and carry them throu^di, often in 
spite of formidable opjjosition. 

Those students j^rivilejicd to work under his direction were treated not 
as inferiors hut as close friends whom he insjiired with his own zeal for 
science and rijjht livile^^ He was not an uutstandinjr lecturer, but he was 

an eminent teachei- and leader. Not many words but more doinjr seemed 

to be his motto. 

His scientific aidiievements will lonjr be remembered, but his influence 
for ^^ 00(1 over many lives, while not so easily evaluated, probably will re.sult 
in ^reatej- ?,ains to society than the results of his scientific work. AVe can 
truly say that the Pacific Northwest and the whole world are enriched jihysi- 
cally ami morally beiauise Ed (laines passed this way. 

A LIST OF THE m nLlSllEI) PAPERS OK WHIPII DR. EDWARD K. (iAI.NES 
WAS EITHER AVTHOR OR (’O-APTHOR 

W:ivliin'rtt»ii \vlu*;»1s. (With E. (J. Sciiakkk. i Wmj<Ii. Aj^r. Exp. HuU. 1-1. 1915. 

Oats ill W;isliiiijrtoi\. i With E. (i. SenAKKK. i Wnsli. .A^r. Exp. Stat. Hull. l‘J9. 1910. 

Iiilici itaiicc ill \vlu*at, h irlcv aiai oat hylirids. Wash. .\^r. Exp. Stat. Hull. I,‘t5. 1917. 

Kichl pea produel ion. (With E, (« Sciiaki-.k. i Wash. Aj;r. Exp. Stat. Hull. 1 Uh 1917. 
Harley iu W;ishiii^toii. (With E. (L Sen \kkr. ) Wash. .\;j:r, Exp. Stat. Hull. 141. 1917. 
( 'oiupar.'itivc muiiI nsist.-iiicr of Washiiijjtou wheats. .lour. .\mer. Soe. Ajrroii. 10: lMS— 
191 S. 

Two iiMportaiit vari('tit*s of wmt(*r wheat. Wa.sh. .\}?r. Exp. Stat. Pop. Hull. 110. 1919. 

The iiiheritanee of resistance to Iniiit or .stinkiic; siuut of A\heal. dour. .Suc'r. Soe. .Vjjro .. 

12: PJ4-'ldL>. I9 lM>. 
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Wlu'nt production ns influenced hy variety, time of seeding?, nnd source of seed. (With 
K. G. Schafer and O. E. IJarhee.) Wash. A^^r. lOxp. Stat. Eull. 159. 1921. 

('uHural experiments with wheat. (With K. G. Schafer and O. E. ItAKBEE.) Wash. A^r. 
Exj). Stat. Bull. ItiO. 1921. 

Kye-wheat and wheat-rve hybrids. (With E. .1. Stevenson.*) Jour. TI('r(*d. 13: Hl~90. 
1922. 

The four bt‘st winter wheats. State Col. Wash. Extension Hull. 90. 1922. 

Genetics of bunt resistance in wheat. Jour. A^r. Hes. | T^S. | 23: 445-480. 1923. 

Occurrence of bunt in rye. (With F. J. Stevenson.) l*hytop:itli. 13: 21()'215. 1923. 

Washiiiffton oats. (With !•]. G. Schafer and O. E. Harhee.) Wash. Aj»;r. Exp. Stat. 

null. 179. 1923. 

WashiujTtoii barlevs. (With E. G. Schafer ;iiid (). E. Harbee. ) Wash. .\^r. Exj». Stat. 
Hull. 181. 1924. 

A genetic and cytolojjical study of certain hybrids of wlusat specie's. (With K \ki. Sax.) 

Jour. Ajrr. j T".S. ] 28: 1017-1032. 1924. 

At:irkton, :in oat v.ariety immune fnun eovereel smut. (Witli 'f. H. Stan'Ion and J). 10. 
STEPHENS.) l^.S.n.A. Cir. 324. 1924. 

Helative resistauei* of wheat to bunt in tlie l*acitic Co.ast State's. (With W. 11. Tisdai.e, 
J. TI. Martin, Ered X. Hrious, W. W. Mackie, T>. E. Stephens, H. M. Wooi.m\n. 
and F. J. Steve.vsox. ) T.S.D.A. Hull. 1299. 1925. 

'I'he iulu'iitaiice e)f disease n'sistaiUM* in wheat :iud o.ats. IMi\topatli. 15: 3ll-34!». 1925. 

Resistauci* te) eeivered smut iu varieties :iiid livbriels e>f e»ats. Jemr. .\mer. Sex*. A^rem. 
17: 775-789. 1925. 

Registration of barlev vari»*ties. (With H. V. IIari.w* jjud R. G. WmciNs.i Jemr. Amer. 
Soc. Agroii. 18: 947-948. 1920. 

(ieiK'tics of Alarejuis • Turke'y whe^at iu resp<‘ct to bout re'^ist.-enee*, wiiite*!- habit and awu- 
lessiu'ss. (With II. C. SlNOEETO.V. > Jemr. I i 1 ^2: 181. 192fe. 

(^orn tests at Eros.se’r and I'ullmaii. (With H. f*. SrN<Jl.i;TON. > 3 pj>. ( miuie'e>grajdie‘<i 

sheet). J92fl. 

A haidoiel wln*at jdaut. (With Hannah ('. A v.-nK. . Amen. .lemr. Heel, 13: .‘57ii-.5S5. 
1920. 

Wheat varieties iu Washington. (With 10. <1. Si imfer and O. 10. Eakbja.j Wash, Agr. 
I0xj>, Stat. Pmll. 297. 192(i. 

Registration of stambire) wheat varie-ti«‘s. (With J. \. (‘L.Mciv and 11. H. l.o\i.> .lemr. 
Ame*r. Soc. Agre)n. 18: 929-922. 192t>. 

The* linkage (»f pnbes<*ent noeb* ami bemrel f;o*te>rs as enidemeed In a cio^i.s botween tuo 
varieties e»f uh<*at. (With ARTHir < ’\rsten'.-.. ■ .lemi-. A;'r. l»es. jl’.S. j 33: 75,"i— 
755. 1929. 

The relation of trijdoiel fae'tors ami chronmsonie gremps in \\he.’it .and (»;it <. .lemr. .Vmen. 
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CHEMICAL CONTllOL OF SEED-BOENE FUNGI J)UR1NG GERMI¬ 
NATION TESTING OF PEAS AND SWEET CORN* 


\V 1 L L A R I> C tt O S 1 E R y 
(Ac'coptod for piihlifatioii 10, J04r)) 


In routine {reriiiinatioii tostin*r in the laboratory seeds usually are placed 
(dose topfcther on inoistoiu^d i)aper towels. Since the atui()sj)here in the ter¬ 
minators is viu-A’ humid, bacteria and 1‘nnti *xvin\ rapidly and spread (piickly 
from intected to noninfect(Ml schmIs and s(»edlints. ]>e(*ause the s(*eds are 
croAvded, decays causiHl In seed-borne pathogens may be very st*vei‘e in the 
terminator. Uhizocionia sola)i{ Kiihn oritinatint in a few infected beans or 
peas (4) often troAVS throuthout, and rots most of the semis in, a rolh^d 
towel ill 5 to 7 days. Molds fivquently develop in Jots of beans, corn, and 
peas (4, 5), and especially in seeds of low vitality, to such an extend that the 
seedliiifs become liiddeii and can be observed only with diffienlty. 

The funticides commonly applied to .s(*e(h^ prior to plantint (2, f), (i, 7) 
have been used to (‘oiitnd both pathotens and sai»rophytes t!*onblesome in lab¬ 
oratory tf'i'i^nnation testiiit- Tlay (5) repo]*l(nl that (‘ertain ortanic nu‘r- 
(mrials controlhnl the molds on Iman s(*eds very satisfactorily and that the 
laboratory jrermination was uniformly hi^dier for trended than for indicated 
seeds. Porter (9) found that the volatile, water-solulile nit*riMirials were 
very effectiA’e as labe»ratory s(»ed disinfeedants and elisinfe‘staids. Ci'osier 
and l^drick (4) e‘onclud(*el that inereMiric chlorieie, and dusts eonlaiiiinu 
ethyl mere-ury phosphate, as well as sevennd insoluble or^uinic inerenrials 
prevented mold jr»*owth if the ^ennnination |)e*rieKls did not excised 10 elays. 

(Vrtaiii eopjier coiiijiouiiels inclndinjr e'opper (oxalate*, copper oxychloriele, 
and cuprous oxide were not so (effective as the nie*rcurials in she>rt-pe*ri(Kl 
tevsts. Buchheiltz (2) slated that the chennicals (copj)t»r carbonate and ethyl 
mercury phosphate) rec'ommended for mndrol of sor<:lmm smut also killed 
molds that developed on seeds durinji: stora^^e. Patrick and Crosier (H) 
found tliat any one of seA'cral mercurials, Avhen us(*d eitlnn* as di]) or dust, 
controlled Alirruaria spp. and Jitlniopiis niprirans Ehr. in ^erniinatinjjf eab- 
bajie aTid radish seed. Cuj)rous oxide and zinc oxide, howev(*r, (‘ansed only 
.slie:ht redindions in the pi’rcentajres of funjrus-seed associations. Hoppe ((») 
found that Arasan reiluced tin* Diplodia zeac (8chw.) Lev. on infe(*t(»d corn 
seed but that Spery:on was iin^ffectivc in control of this fungus. Musk('tt and 
Colhoun (7) r(^ported that Arasan (or Nomersan) eliminated Colh totrl- 
vhttm liiii (W(?sterd.) Toch. and j)artially (controlled Polifspora lini laiff. in 
flax seetl. Th(\v (concluded that the or^^anic mercurials were effeective only 
when uschI as short Avet treatimuits. 


^ Journal P.‘ 4 >(*r .No. Oil), New York State icultural KxjKTiiiuMit Station, (leneva, 

a Assistant Professor, Pivision of Seed liivostijjations, ('orncll riiivcrsitv, PciicAa, 
X. Y. 
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METHODS AND MATERIALS 

The firesont iiivestijratioii was undertaken to determine the relative fun¬ 
gicidal values of Arasan, CVresan, du Pont 1452 C, Seinesan Jr., Spergon, 
and I'iiited States Rubber (Vnnimund No. 604. All eliemicals were applied 
by agitating weighed amounts of dust with measured (piantities of seeds in 
glass jars secured to a rotating wheel treater. The treatment periods were 
unirormJy 5 minutes. A rpiantity of StowelPs Evergreen SAveet (k)rn groAvn 
in 1942 contained about 8 per cent of seeds infected with Diplodixi zcae. 
Rhizopns nifjrianis and species of Aspcrffilhts, Fusariinn, and Fcnicillium 
oiM'urred as containinants on 50 to 60 j)er cent of the seeds. This lot of sAA’eet 
corn seed was treated with (*ertain fungitddc's at the following rates: Arasan 
(50 per cent tetrametliyl thiuraindisuJfide), 0.15 per cent by w’eight (IJ oz. 
j)er bu. of seed); Du P. 1452 (- (7.7 per cent ethyl mercury p-toluene siilfona- 
nali<le), 0.06 per <*ent by Aveight; Semesan Jr. (1 per c(mt ethyl mercury 
]>hos])hate), 0.22 percent by AA^eight; P.S.R. No. 604 (essentially 2,3-dichloro- 
l,4-naphtlK)(piinone), 0.11 per cent by AA^eight. The seeds Avere germinated 
in rolled paper toAvels, placed in humid germinators Avith either constant 
temperatures ol 25'^ C. or alt(Tnating temperaturi's of 20"^ and 30° C. The 
seedlings Avere lemoved and the fungicidal treatments were evaluated 6 days 
after initiation oT the tests. 

A sample from tlie 1942 crop of Thomas Laxton peas Avas separated into 
six portions and treated Avith chemical dusts ap]>lied in percentages by 
Aveight of tin* seeds as folloAVs: Arasan, 0.15 p(‘r cent (1.44 oz. per bu.) ; 
Ceresan (2 per emit ethyl mercury chloritle), 0.20 i)er cent; Seme.san Jr.. 
0.20 |>er ('ciit; Sptu-gou, 0.20 per cent; and T^.S.R. No. 604, 0.10 per cent. 
The seeds Avere germinated at 20" C. Records Avere taken the sixth day of 
germination. 

The treated h>ts of peas and sweet corn Avere se])arated into 100-seed 
sam])les and disti'ibuted in triplicate to 11 official set*d analysts in Ncav York 
and other states for germination and dist^ase studies. The peas Avere also 
])lanted at (leneva, X. Y., in greenhouse soil infested Avith Pyihium ultimum 
Trow., FhiinctoHNt sohini, and ?^usariitiii spp. The treated peas Avere 
planted in 5 replicates of 100 seeds, the untr(‘ated peas in 10 replicates of 
100 seeds. After 25 days the emerged seeillings Avere counted, examined, 
and cut at the soil line, and the green tops Avere Aveighed. 

UESILTS 

Since the sweet corn seedstock Avas heavily infested Avith Hhizopus myri- 
CONS several coo])erating analysts stated that the untreated germinated seeds 
Avere entirely obscureil by groAvths of this fungus. Neither the statements 
nor the data of any analyst indicated that R. 'iiiffricaus d(*pressed the actual 
germination. Tins is in accord Avith previous findings at the Ncav York 
laboratory. In experiments over a i)eriod of six year.s seedstocks infested 
with K. 'nifjvmnis alone have not produced more seedlings from treated than 
from untreated seeds. Control of /?. fu'gricavs, hoAA’ever, may be accom- 
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pailied by an increase in tlie f?reen weijrhts of the g:erTninatin<z: seeds and 
seedlings. Tlie results of the present investigation (Table 1) witli a stock 
of sweet corn in which Diplodiu zeav was also a factor suggest that increased 
weight of seeds and seedlings is obtaiiKnl from even a partial control of 
molds. 

Diplodia zeae gi-ew rapidly on th(‘ untreated infected seeds and destroyed 
or injured from 3 to 10 per cent of the seedlings. Material was examined 

TABJjK 1 .—TnflHVHcr of rt rfain arid pndrrfaHls upon snu! (frnniuatiou, incidt ncc 
of fungiiN coHtaniinaf ion in' iu]vcliim^ and thr pri vn nu Ujhl of StmrrfVs Ki'l'i'fjn cn .swcrt 
corn scrdUnpfi 
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« Speeies of Vcincillinni^ Asjh rf/illns, and Uorminh ndriim. 

»» Fitsarinm inoniliform> uas the most fre(|uentlv (diservrd s])e<-ies. 

r Number of times this material t*xeeJled all other mat(*rials and the ehe<*k, ll i) 0 ssi' 
Idlities. Ties of 1 material with 1 to 4 others are reeoialed as \ to A, respeeti\elv. 

ttNiimb<‘r of times this mat(M'ial exeelled oin* of the other inatoriMls or elieek, -14 ])ossi- 
bilitica for eacli material. 


bei‘or(» the hyj)hae spread (wtensively throughout the rolled towels, hence tht‘ 
injury from 1), zeac was limited to tlie infected s(*eds and those immediately 
adjacent. The incr(*ased percejitages of giTuiination (Table 1) in the 
ti*eated 100-seed lots are undoubtedly attributable to the chcMiiical control of 
J). z(av. 

Only TT.S.Ti. No. 604 ettected more than a trace of chemical injury. The 
average percentages of germination from the seeds treatc^d otherwise (Table 
1) iiidicat(a a general absence of phylot(4xicity. Tin* organic* mercurial, 
Du P. 1452 0, Avas outstanding in the (*ontrol of molds and Diplodia zrac, 
although I'.S.Ii. No. 604 and Arasan Avere nearly as fungicidal. 
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Tlie seeds treated Avith Dii P. 1452 C produe.ed a jrreater weijrht of sprouts 
than sc»ed treated witJi any other material in trials by eifrlit cooperators. The 
weif!:!!! of tlie sprouts detaehed from Ihe endosperms and seedcoals averaj^^ed 
54.3 ^^rarns for the 100 seeds treated with Dn P. 1452 (J or a jrain of 23 per 
cent over the 44.3 jrrams for the untreated seed. The pluimdes and radicles 
frequently were lar^Ti* in the former tests. A heavier production of lateral 

TABLE 2. —InflucHcr of certain .seed proLcclanls upon need germination, fungus- 
and haeferial-eonla}uinafiitu and green weight of Thomas Laxlon pea seedlings 
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Spcrii-s of I'euieiltiuiH, .ispt rgitlus, Fusarium, niid other 

^>Fnrinm eartdtn'itra o:nis»'(1 oio.st of liio soft-rotting. 

«■ XiiinlKT of times tliis nmteiial exeelJevl all other nmt«'rials and the ciioek, J1 possi¬ 
bilities. Ties of 1 malerial wjth 1 to o otliers are reeorded as i to res])ectivolv. 

^ Number of times this material exeelletl one (»f tlu' otlier materials or cheek, 5o ])oarti- 
bilit.i(‘s for ea<*h material. 

roots also was observed. Tin* averajxe Aveijrlit per detached seedlin«’ was also 
jrreatest for the lots treated with Du P. 1452 ('. Since the stock ot X)eas used 
in this study contained vtu’v few dead, weak, or eontaniinated seeds, the con¬ 
trol ot* molds and bacteria was conqilete in several tests and nearly so in (lie 
others. Each (*oopera1or i-eported that the incidence of h*hizopus nioricans 
and of PcnivUlium .spp. was less in every treated lot than in any untreated 
lot of seeds. Sperj^on and U.S.R. No. 604, excelled in the control of mold 
fulled (Table 2) while the latter also ranked first as a protectant ajraiitst 
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bacterial eoiitaiiiinatioiis. The chemical control of the bacteria and fim^i 
greatly facilitated the examination of the germinant seeds. 

It is obvious that growth of bacteria and fungi in llie untreated seed was 
too limited to depress the germination greatly. For this reason the treated 
seeds i)rodueed only sliglitly more normal and total sprouts than <lid the 
untreated. Unfortunately the stock of peas was Jiot infected with .l.sro- 
cliyfa pisi Lib., Rhkocionia sola)u\ or Scirrotinia svU rotiovmu, so tlie value 
of the chemicals in eliminating these pathogens was not determined. 

In 55 comparisons with other ])rotectants (Table 2^ Arasan (*.\celled, or 
tied, 46 times on the basis of total green weight from 100 seeds and seedlings. 
Eacli cooj)erator who measured the length of radicles and plumules ref)orted 
that Arasan excelled all other treatments. By the same crit<‘rion Ueresan 
apjx'ared to be only .slightly inferi<»r to Arasan both in the prcs(‘nt study 
and in former ex])erimcnts with similar .seedstocks. Ueresan ha<l previously 

TAliLE 'A.--Kint r(i('nn' <itui (/ntH ir iffht of tops of piatifs fnnu liiatttl omf from 
anfrtaltif pru s* t d planttd m coutamnmit d om Hhon.>,t sod 


S(H*d 

Arasau 
(Vrc.saii 
Srniesan Jr. 

Sporgon 
r.S.R. Xo. 60- 
.V(»nr 

The weight of fiMnii uritn*;iter| st‘e(ls o<juals lei* prr ci ut. 

(4) excelled the co|)|)cr compounds in this respect with gt*riiiinatioii Tests 
of peas terminating within st*ven days. 

In greenhouse beds both Arasan and Spergoji were slightly superior tt) 
U.8.R. N(». 604 (Table 3) in tlie prote<*tioii of pea seeds and seedlings against 
damping-off. Tlie water-soluble ethyl mercurials. Ueresan and Semesan dr., 
did not compare favorably with the former materials as stM*d protectants. 
It should be tinted that Arasan was applied at only three-fourths and U.K.K. 
Xo. 604 at onedialf the weight dosage of the other three mat«*rials. The 
])lauts in each of the repli<*ates from treated s(*ed were lai’ger and irnue uni¬ 
form than in those from untreated seeds. The average weight p^n* jdant 
(Table 3) indicates that each of the materials protected tin* «‘merg(‘d seed¬ 
lings from robt-rot ami o1h<*r fungus injury. Tin* plants from the Arasan- 
and Spergon-treated seeds were taller and were maturing nnu*e rapidly than 
those grown fnmi the |u*as left untreated or treated with other materials. 

DiscirssioN 

The organic mercurials, Ueresan and Semesan dr., applied to seed corn 
T)rioi* to planting have effected practical <*ontrol of molds in laboratory 
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jreriniiiRtion techniques. Lo\v-{»‘erminatiii<r stocks of seed, such as the sweet 
coni seed used in this study, may be so infested with sub-surface frrowths of 
Rliizopus iiirjricuNs, however, that seed treatmeiit does not eliminate all of 
this fungus. The dosajres of the seed protectants may be considered minima 
for application to normal plantinjr stocks of sweet corn. Slightly frrealer 
amounts of Seni(‘san dr. will adhere to the seed coats and are usually recom¬ 
mended, wliile tlie dosaj!:es of the other materials (‘ould be increased from 2 
to T) times. ]iowev<‘r, with the excejition of Arasan and Sper^on, and possi¬ 
bly of Du I*. 1452 C, su<*li increases in dosage would be accompanied by defi¬ 
nite ])hytotoxi(‘ity. It would apjiear then that any of the materials used in 
this stinly could be ajiiilied in sufficient amounts to control R. Hiyvicans and 
<»thcr run^d but that Arasan alone would effect a hi*rh decree of control of 
both patho«renic and sapn»phytic funjri without injury to the seedlinjrs. 
Arasan has friMpiently been aiipJied without dilution to corn seed and the 
seedlinjjrs dcvclojKHl normally. Fsually the adherence rates varied from 0.30 
to 0.45 i»er c<‘nt by wei^dit with an averajre of 0.35 per cent (3.1 ounces per 
bushel of seed ). 

lender certain conditions the inaxiinum adbertuit dosa;re of Arasan may 
be necc.ssa]*\* to inbiiiit J>li)/o(/ia il<»pp<* (6) (*mployin*r a technique 

which |)erinitted maximum adherence of dusts to corn seed found Arasan 
about a> eflicient as Xew Improved Senu‘san di*. or Barbak J) in the inhibi¬ 
tion ot" />. SiiUM* the dosa^n* of Arasan used by llop]>e was ju’obably 

50 to 100 j)er <‘ent heavier than those of the <»tber dusts it may be inferred 
that ('(jual «b»sa^''es woubl prove Arasan to be relatively less efficituit. Ue- 
p(*ated ex|)criments at the Xew York State laboratory, however, imlicate tliat 
the applicati<»n of a mixtui'e of equal parts of Arasan and talc (only 25 jier 
cent 1et»*ametbyl ibiuramdiMddde) t(» infected corn seed i]ddl)its the jrrowth 
<d* IK Of. 

TIm‘ material Du IK 1452 (' is. in certain respects, preferable to Arasan 
for laboratoi-v practice, sima* it can bt‘ useil as an instant dip. The consis¬ 
tently liijrb ^reen weitrbt oT secdlinj^s (Table 1) from Du P. 1452 (’-treated 
.S4*t‘d has been observed repeatedly in other 4*\|>eriments, It is not uncommon 
for the seedlinjis Irom (*ach test of treated seed in a series of 20 sanqiles to 
outwei«:b the j.iermiua(t*d seed in the untreated control by 5 to 10 ])er cent. 
Wlien applied to ('omniercial see^l usually b*ss heavily contaminated than the 
stock of Stowell's Kverjzreen sweet corn used in this trial, a 0.20 ])er cent 
suspension of Du P. 1452 (’ in water or a 20 per cent Du P. 1452(^-80 per 
cent floiii* mixtun* j)ractically eliminatcil the Rhi:f*j>i(s and IK oivUlhioi and 
inliibit(‘d the d<‘ve|oj)ment of Diplfolio z*(U and GibhenUa zaic (Scliw.) 
Peteb. 

In the control of molds P.S.H. No. 604 is about etpial to Arasan at the 
dosages used in this stmly. At espial dosajres U.S.K. No. 604 mi^dit prove the 
better. However, while Arasan causes no seedliiifr injury at heavy dosa^^es, 
P.S.K. No. (i04 ap]>ears to be phytotoxic if the dosajre ex<*eeds 0.11 per cent 
by wei«»bt. In the control of Diplodia zcac this material is definitely inferior 
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to Arasaii and to tlio orpuii(* mercury dusts. In this ret^^ard IJ.S.li. No. 604 
appears similar to the related quiiioiie compound, Sper‘»‘on, whicli did not 
inhibit the growtli of D, zvac on infected seed (6). 

New Improved Oresan, one of the standard disinfestants for pea seeds, 
can be applied in either dip or dust form and is effective at dosajres only 20 
to 40 per cent as heavy as for most other materials. Semesan Jr. at five 
times the dosage rate of New Improved (\n*esan has often been substituted 
for it since Semesan Jr. contains tlie same fun|i:’i(*idal iujrredient and adheres 
at the correct rate to control seed contaminants witlioul ])ro<luciu‘r seedliu*** 
injury. 

Ceresan and New Tnij^roved Ceresan liave been of some value in control¬ 
ling Ascochyta pimi Lib. in seeds!ocks of peas and winter vetch (3, 4). Hayles 
et (iL (1) also found that the organic mercurials rctluced the aimuint oi* seed- 
borne Asvoclnjta, whih* cuprous oxide was ineti‘ectivt\ 

Since the advent of Spergon as a seed }>rott*etant for ])eas, a mixture of 
60 per cent Spergon and 40 per cent flour by weight lias been useil in the 
laboratory. Sindi a dust adheres at a rate^ e<|nivaleut to 2 to 4 ounces of 
Spergon per bushel of seed. The results of'this study iiulii'ate that Sj»t*rgon 
apiilied at about this dosage will be eijual or even su]>erior to Smiiesaii Jr, in 
the control of molds, S|)ergou seennul to cause no discomfort to the worker 
when treating seeds, while tin* other four dusts appli<‘d to pea se(*ds in this 
investigatioji caused slight irritation. Seetlstoeks of ])ea trt*ated with Sper¬ 
gon before their receipt at tin* seed testing lahoratcuw usually jiroduci'd 
strong clean seedlings <, najier towels. Ilea\ ily dusted seeds have germi¬ 
nated normally although the <*ovcrages indicated that Sjiei-gon had been 
apj)lied at rales of o to h oun<*es jH*r bushel. 

Arasan has eliminated molds from germinant in*a seeds treated at the 
<*anniug factory, and Arasan has been }iracticall\ tMjual to Spt*rg<ui in this 
resp<‘ct. Similar studies with cabbage seed have indicatetl tlial both 

Arasan and Sjiergon are about e<juai to Semesan in control of Alhi'anrin 
f>p]f. and Rhizopus nlynctuts. 


sr.M MAijy 

Every chemical ])reparation Used in this stinly. and csj)ccially Du l^ 
1452 iiihil)ite<l, or partially eoiitrolled, the seed-lM»rne fungi of sweet coni 
ill genuiiiatiou testing, liici-eases in genniiuilion attributable to seed treat¬ 
ment paralleled tlie cf)iitrol of Riplnditi inu hut probably not tin* control <»f 
Rhizojtus 71 iff 1 icdns. 

Only U.S.U. No. titM caused any chemical injury detectahh* by size or 
deveh)})ment of the sweet eorn seedlings. Every other material resnltetl in 
increased green weight of the eomhined seeds ami se(*dlings. Du 1*. 1452 O 
execlled or equalled the other ehemieals in 41 of 44 possibilities on tiu* basis 
of green weight. Arasan was the most, and V.S.R. No. 604 the least, efficient 
material in j)rcventing DijjUffha zvav. from developing on seeds and from 
destroying seedlings. 
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The ehemical i)roteetant.s were effective in eontrolJinjr molds and bacteria 
on pea seeds and seedlinj^s, althoujrh U.S.R. Xo. 604 sli^rhtly excelled the 
other materials. Only Semesan Jr. failed to effect a slight increase in both 
the j^ermination of seeds and j»:reen weight of seedlinjrs. On the basis of 
jrreen weiprht of seeds and seedliii<rs Arasan and Ceresan excelled U.S.R. >Jo. 
604, Sperjron, and Semesan Jr. 

Arasan and Si)er^()n pc'rmitted only o per cent of the pea seeds to decay 
in soil naturally iid’esteil witli Fusaria, Pythium itliimunif and Rhizoctonia 
solan!, U.S.R. No. 604 ai)j)eared to j)rovide slijrhtly less protection a«rainst 
tliese fiinjri, while Cere.san and Semesan Jr. were sijrnificantly inferior to 
both Arasan and Sper^on. 

Aoricultitral Kx]t:riment Station, 

Cenf.va, New York. 
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THE EFFECT OF ULTRAVIOLET RADIATION ON THE VIABILITY 
OF FUNGUS SPORES AND ON THE DEVELOPMENT 
OP DECAY IN SWEET CHERRIES 

H A K li E y E N G L 1 s H A N D F I S K (H E R H A R D T I 
(Accepted for piiblicatiou AufjGHt 1, 1945) 

The (levelopineiit of fuii^us deeay in sweet elierries iluriiij*: their trans¬ 
portation and marketiii}*: eonstitutes one of the most serious problems that 
confront the sweet-eherry industry. A number of (‘onditions eontribute to 
the incidence of rot, and fre(|uently the most important factor j)nHlisj>osin^ 
cherries to infection is the crackinjr of the skin by rains whicli oc(*ur as the 
fruit approaches maturity (11). Practices that are frecpiently employed 
to control decay in sweet cherries include (/) the pre-harvest apj)lication of 
funjricidal sprays or dusts, careful handlinjr to avoiil unnecessary inju¬ 
ries, (.V) sortiiijr to remove damaged and inft*cled fruit, (0 prompt storaj^e 
under refritreration, and f/T) the use of carbon <lioxide <ras as a supplement 
to transit refri^n*ration. These methods aii‘ only partially <‘flreetivt‘. and tin* 
sweet-clierry industry is constantly looking for iu‘\\ and mor<‘ etT(‘ctive means 
of rediiciiUfr its losses from <le(‘ay. 

Durinjr the 1!)44 season a few packers of sweet eln*rries in the Pacific 
Xortlnvest in.stalled a[)paratus of the latest type for irradiatiiijr the fruit 
with ultraviolet li^dit, as a means of controlIin^»^ decay. In the absence of 
factual information eitlier on the injuriousness of ultraviolet radiatimi to 
sweet (*h(‘rri(‘s or on itN etf(*(diveness in controlling^ dtvay, a seines of te.sts 
Avas condinded, the results of which are herein reported. 

LITKH.VTt’KK UF.VIKW 

The lethality of certain wavi* len^-ths of ultraviolet liirht to bacteria ami 
furijri has lonji be<‘n riM'ojrnized, ami in recent years attempts havi* been imnle 
to utilize radiation of this type for the commendal cimti’ol of undcNirahle 
micro-or^»*anisms. Fulton and Uohlentz (h;, usinjj: a (piartz men*ury-tunc’- 
sten lamp, tested the killing: effect (ff ultraviolet radiation ioi the sjM)res of 
27 specdes of fun^d and also det<*rmiued its efficacy in tin* control of fun^jus 
decay in citrus fruits. Althou^rh the rays were able to destroy a hi^di per- 
centa^u* of the spores on the .surface of oran^'-es. the final am«)unts of rot 
durin^^ a simulated inark(‘tinj' period wen* very much the same in tin* treati‘d 
and the unf reate<l lots. 

In recent xears im])rov<‘d ultraviolet < 4 :ermii'idal lamps have been devel¬ 
oped which restrict most of the radiation to a wave lenjrth of 2r»:l7 A.U. (•L. 
Rays of this type are lii^rhly effi^tive in tlie destnu*tion of bact(*ria ami 
funtri, ami numerous applications of ^ermii*idal lamps for the commercial 
control of contamination by micro-organisms have been made. They have 

' AHHistant i)atliolog;ist and physiologist, n-spcctivolv, Division of Fruit and V«.‘gctal>lo 
Crops and i^iscascs, llurcau of IMaiit lndiistr\, Soils, and Agricultural Knginccring, .\gri 
cultural Kcscandi Arlministration, I'nitcd Statc.s Department of Agriculture. 
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been (‘inployed in the baking industry (16), in cheese manufacturing and 
meat storage (8), and recently in the manufacture of penicillin (12). Gar¬ 
rett and Arnold (10) found that 2587 A.U. radiation offered promise in the 
sterilization of dairy eejuipment, and Kliginan (14) pointed out its useful¬ 
ness ill the laboratory. 

Tber(‘ apparently have been few successful ap])lications of ultraviolet 
light for the control of bacteria and molds in fresh fruits and vegetables, 
although Kwell (8) lias stated that “Losses in carload shipments of celery, 
et('., have been greatly reduced by sterilizing the surface water u.sed for 
washing by similar (Sterilani])) ultraviolet radiation. “ De Ong (4) has 
suggested the use of these rays for the control of fruit decay, but no further 
reft‘rem*<^ to the ajiplication of ultraviolet light for the reduction of spoilage 
in fresh fruits and vegetables has been found. 

The injurious effect of ultraviolet radiation on higher plants has been the 
subject of numerous investigations but no information on the .sensitivity of 
(‘herries lias been locatc'd. Fulton and Coblentz (9) reported that dosages 
of ultraviolet light lethal to a high percentage of spores of renicillium digi- 
idiiihi (*aus(*ti no evidmit delet(‘rious effects in oranges, and De Ong (4) 
ol)serv(*d no injury to apricots, plums, and berrie.s treated with this radiation. 

MATERIALS AND METHODS 

The tests w(‘re condiu-ted in a commercial sweet-cherry packing plant in 
wliich ultraviolet lamps had been installed for the express purpose of reduc¬ 
ing decay. Tlie apparatus was designed and installed so that, tlieoretieally, 
the fruit would h»' fnH‘d of viable fungus spores, and thereafter, until pack¬ 
aged, would be i)r()te(*ted from reeontaminatioii. A battery of eight 36-ineb 
lamps was installed .so as to irradiate a 12-foot section of the fruit conveyor. 
The first four lamps were 18 incln^s from the belt and the last four were 25 
inches fnmi it. Reflectors coateil Avitli alumiiinm paint directed the radi¬ 
ation downwards onto the fruit. The conveyor was constructed so that many 
of tile clierrit*s w(nild be turned over when approximately halfway througli 
tlie irradiated section, thereby enabling the light to contact directly most 
of the surlace of the fruit. iTider eommereial operation the speed of the 
conveyor was adjusted so as to irradiate the cherries for 25 seconds. The 
belt ext(*nded forty-eight feet beyoiul the outlet of the battery of lamps so 
as to ]»rovi{le s)»aee for sorting the fruit. To lower the population of air¬ 
borne spores in this section of the jiacking nK»m, and thus to protect the fruit 
from recontamination, 12 lamp.s were installed approximately 7 feet from 
tlu‘ floor on eacli side of the conveyor. They were eipiiiiped with reflectors 
to direct the rays away from the Avorkers and the fruit. 

Tlu‘ 30-watt lamjis emiiloyed in the present installation are known com¬ 
mercially as ‘*Uviare“ germicidal lamps. Practically all of the ultraviolet 
light transmitted by them has a wave length of 2537 A.U. A complete dis¬ 
cussion of the s})eeifit*ations and characteristics of these lamps is presented 
by Bnttolpli (3). 
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Tu a study of the lethality of ultraviolet radiation to fini«:ns spores, the 
following seven fungi, all of whieh cause decay in sweet cherri(?s, were em¬ 
ployed; Altcrnaria sp,, BoiryHs cinerva Fr., Cladosporhim hcrbarum (Pr.) 
Lk., Penicilh'ym (jpansitm Lk. emend. Thom, Pidhdaria sp., Rhizopus sp., 
and Sclrrofitiia fruvticola (Wint.) Kehm. The spores of these organisms 
were washed with sterile distilled water from colonies that had deveIo])ed on 
nutrient media (Bacto potato-dextrose agar) during an incubation j)eriod 
of three to four weeks at 65to 80*^ F. In preparing the spore sus|>ensions 
of Alfiruaria and Pcnicillivnu a wetting agent (Wetsit Concentrate, at a 
dilution of 1 part to 3400 parts of water) was used with no evident inhibition 
of spore germination. However, when it was found that this material i>re- 
vented germination of the conidia of Selrroiinia fntciicola its use was dis¬ 
continued. After the spore suspensions had been diluted to the desired 
concentration (approximately 200 spores per ml.) the* surface of sterile agar 
plates was flooded as uniformly as povssible with 1 ml. of the suspension. 
This is essentially tlie same tecbni(|ue as that emj>loyed by Fulton and 
CobJentz (0). That reliable results are obtainable by this method is shown 
by the work of Kentschler and Nagy (17). wh^> found that llte sensitivity to 
ultraviolet irradiation of bacteria in the air and on tlie surface of agar was 
the same. Tlie seeded Petri disln^s, with the litis removed, were exposed to 
ultraviolet radiation f(»r periods varying from 30 seeonds to 5 minutes. The 
lam]>s were 18 inelies above the tri])Ii<*a1e eulture.N employed for each treat¬ 
ment. The plates were incubatotl at 70^^-74^ F. and the Jiumber of eolonies 
that developed in eacdi was determined. Xonirradiated plates servtNl as 
cojitrols. 

To determine the effi(*acy of a battery of lamjis < installed 18 imdies ab<*ve 
the conveyor) iji .sterilizing tin* surfaet* of the belt, the latuu* was liglitly 
scraped after having lieeii irradiated in a fixed position for 45 minutes. The 
scrapings were transfciT<»d to agar ])lat»‘s and the vial)ility of the material 
was compared with that of similar transfers made from a p<n*tion of tlie <Mm- 
veyor that had not been expo.sed to ultraviolet light. 

The effectiveness of the lamps installed above tin* scrrtiiig b»'lt in lo\vt‘ring 
the population of viable air-borm* spores was ascei-taiued after the lamps had 
been in commercial operation the great<*r part of one day. Five INuri dishes 
containing sterile nntrient agar were plaeed on the sorting b<*lt at approxi¬ 
mately efpial distances thronLdiont its length. The plat<*s were c.\p(»sed for 
5 nunutes, and after a suitable incubation peri<»d the cultures wen* <*xaTnined 
for the presence of fungus colonies. A eoinparable series of plates was 
ex])Osed in a nonin adiated stM-tion of tlie room. 

Two ty]>cs of tests, one with artificially inocula1t*d (*hcrries and the other 
witJi naturally contaminated fruit, were condui*ted to determine tlie efticaey 
of the lamps in ledueing deeay. In the former test, .sound liaml)erl eheiTi<‘s 
were d»sinfeeted by immersion in a 1 :1000 solution of mereurie eliloridc, atid 
then thoroughly rin.sed in sterile tap water. After tbi* stems had been 
nnlled, tbe fruit was dijiped in a .suspension of spores of Pniicilliitm e.r- 
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pansnnif dried, and divided into 4 lots (eaeli eonsistiiij!: o! three 100-friiit 
samples). The cherries were placed in a siiijrle layer on the conveyor belt 
and irradiated for 0, 0.5. 1, and 5 minutes. The conveyor was operated 
under simulated commercial conditions. The cherries were stored at 40° P. 
for 10 days and removed to 65° for 8 days (equivalent to the time normally 
required for shipments to reach Xew York (hty and for sale throufi:h retail 
channels); and they were then examined for stem-end infections. At both 
temperatures the relative humidity was maintained at 85 to 90 per cent. 

In the tests with naturally contaminated cherries, 3 lots of fruit from 
ditiVrent localities of north central Washinjrton were used. The first lot 
consisted of Biiijr ch(*rries jrrown near Malajra. This fruit was picked 4 days 
after a heavy rain and had a ]ii<i:h perccnitafre of skin cracks. Lot 2, from 
the (9)elan distriift, comi)rised Lambert cherries with relatively little rain 
(iamaj^e. Ijot 3 consisted of the same variety from the S(iuiilchuck Canyon 
near Wenat(‘lHM‘. Tliis fruit was harvested 35 days after Lot 1 and showed 
no (‘vidmice of rain injury. The decayed and otherwise badly damaged 
cluTries were removed from all lots, and the remainin^^ fruit was ty]>ical of 
that b(*inef ]»acke<l eommennally. Each lot was tliorou.Lihly composited, 
store<l at 50'^ F. for 24 to 36 hours, clivided into the number of triplicate 3.5- 
to o-pound samples recjuisite for the treatments, and exposed to ultraviolet 
radiation in the sairn^ manner as described for the artiti<‘ially inoculated 
fj‘uit. The samples, unless otlierwise sj^ecified, were* then stored 10 days at 
40° with a relative humidity of 85 to 90 ])er cent. All lots were examined 
on removal from (*(»1d stoi'ajre, and Lot 1 was inspt'cted a<»’ain after 2 days 
at 65'. 


KKSriiTS 

Vliihillfff nf Smarts I rradifif( (I In Piiri Dislus. Tin* data in table 1 sh(»w 
thal fiiiiLd differ mai’kedly in resistance to the lethal action of ultraviolet 
radiati(m. Based on their reacti<ui to this lijrht, the or|::anisms tested can be 
^••rouped into 3 rather distimU (dasses, namely, lii^hly susceptible {Ptnicil- 
linni t ni), hi^ldy ri'sistant (A/Z/raaro; .vp.), and int(*rmediate (the 

rt‘maiuinjj' five LtUjii tested). Approximately 92 per cent of the conidia of 
/^ (j'lKinsHiH were killed durinir an exposure of 30 seconds, and all were 
destroyed in 2j minutes [ Fi^^ 1). In the case of none of the other fun;zi was 
total ilestrmtion of tln‘ sjiores achieved, even durinji’ an irradiation period 
of 5 minutes. 

A slijrht reduction in the number of viable spores of PnUulario occurred 
<lurin‘^ an exposure of 30 seconds, but (Uie or more minutes were necessary 
to cause a siLniilicajit decrease in the {germination of the spores of the 5 re- 
mainiujr molds. yii*rhtly over half of tlie simres of Pnihilaria and ScUro- 
iivia were kilh‘d iji 21 minutes, but a similar reduction in the viability of the 
conidia of CJa<I(fsporiuni Inrharum recpiired a treatment of 5 minutes. The 
spores of Alitmaria were by far the most rt'sistant. only a few beim? de¬ 
stroyed by the maximum ex]>osure of 5 minutes. 
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The spores of Cladosporium and Alternaria are dark, wliereas tliose of 
the otlier fmifri tested are hyaline or relatively li^ht. The resistance of 
dark-wall spores has been observed by other workers (0, 19), and Diinond 
and Dnjrjrar (6) siijrjrest the possibility that susceptibility is infiueneed by 
snch fat'tors as pi<rinentation, s])ore size, and nninber of nuclei. When the 

TAPLE I.— Thr cffi'ct of uUrarioht ladiatiou on thr viahililf/ of Ihr sptn'ts of 
Av rcral fnntji thai ransr ticcau of snrrt rhrrrirn 


Fiiiifyus 


Altcrnaria up. 


BoU'piis cin* rm 


(lotlfkfiporitfni it* rhnriim 


Vf n i(• iiN u in * .rpa v sn in 


PnUnhiria up. 


lihizopns sp. 


Srh rotinia ffnrtir(>Ui 
‘ Monilia staj^c) 


Irradiation 

Colonies per 

Spores 

period 

Petri dish 

killed* 

Min ntfs 

.\ffan fininhrr 

/O r rrnf 

0.0 

10S.7 ± 4.011' 

0.0 

0.5 

H**5.7 4; 7.MS 

l.S 

].0 

100.7 ±0.01 

0.0 

2.5 

1 75.0 ± 0.01 

0.0 

5.0 

155.0 ± 5.00 

• 0.5 

o.n 

SI.7 4- 4.0S 

0.0 

0.5 

70.7 ±2.5;; 

0.4 

1.0 

7S.5 4 .-l.-io 

7.5 

.1 / 

72.5 4 4.50 

14.4 

5.0 

25.:; ± 2. IS 

* 70.1 

0.0 

2.50.7 4 i».02 

O.U 

0.5 

21S.0 ± 7.00 

5.5 

l.<» 

220.5 4 5.S4 

• 4.5 

2.5 

174.5 4-S.OO 

* 24.4 

5.0 

104.0 4 ±.,51 

* 54. 

0,0 

154.0 ±4.10 

o.f» 

0.5 

1 l.il 4- 1.00 

♦ 01.H 

1.0 

5.:; it i.itt 

• 07.5 

2.5 

0.0 

*' 100.0 

5.0 

0.0 

* loO.O 

0.0 

2.52.0 ± 1.7:; 

0.0 

0.5 

1S1*.7 ± 7.00 

‘ 24.7 

1.0 

170.7 it 4.se 

* 2S.7 

2.5 

105.0 ± 0.0,1 

* 5S..5 

.\o 

75.0 + 5..50 

* 7i*.2 

o.i> 

25.0 4 li.its 

o.f* 

0... 

2o.nI..",2 

20,0 

I.O 

10.7 4 lMO 

*21 ** 

2.5 

4.7 ± 1.10 

^ Si.2 

5.0 

1.0 4 0..5S 

* 00.0 

O.M 

so.7± i.n 

0.0 

0.5 

S7.(»± i.7;i 

5.0 

1.0 

s.o.:; 4_ 

<».4 

2.5 

.5S.5 4 

* 57.;i 

5.0 

12.0 ^ 2.O0 

* sr,.t> 


*» with an asterisk fliffrr si^niticaiitIv ftoin tin- <*<»ntrc»ls. Ofids 

of si^nifiranco )'*; ] in ^n*at<*r. 

•» Stahdard rrror. 


poor* penetration of the ultraviolet lijrbl. and the dark e<»lor and niuriforin 
structure (>f the coiiidia of Alffrnaria are taken into (*onslderation. it is not 
at all surprisiuij: that this I'un^nis proved so resistant to irradiation. 

As previously stated, the installation of Jiltraviolet lamps and the eoni- 
inereial o]>eration of the conveyor wt*re such tliat tin* fruit wotdd receive 
irradiation for only 23 seconds. Fnrtlicrinore. the conv»'yor was desifrned 
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so that some of the rlierries would be turned ov<»r after having traversed liaJf 
the distanee of the irradiated seetion, thereby ex})osiii*r some parts of tlie 
fruit for only 12A seeoiids. The data in table 1 indieat(* that Pcnictllium 
f'xjxDLSKtii would be the only funjrus a[)preeiably afleeied by this treatment. 
However, since this orjranism is not the i)redominant cause of spoilajre in 
swe(‘t cherries, it appears doubtful that effective control of decay should be 
exj)ected without {rreatly extending; the period of irradiation. 





FiCr. 1. EflTcct of iiltrnvidict nHliatioii on 2 clu’rry nii>li]s. A. Pf nirilUinn r,rpanftnm : 
at Ift’t ina<liatiMt lVJ iniiintrs, noitirratliatoil rlirck at H. .Utmuirin up,: plate 

;»t left in:Miiate(i r» ininntes; nonirradiatiMl vhwk at Note rctarilation of growth 

anil pigment. Ml ion in Iroated rnltnre of Jlif rnaria. 

Durin^^ examination of the irradiated and control cultures, it was ob¬ 
served that colonies tievelopinjr from spores tliat had be(Mi ex|>osed to ultra¬ 
violet lijiht were smaller and less ])ijrmented than those prodneed by lum- 
irradiated spores. This eonditi<m was first observed in enitures of AJtc- 
naria (Fijr. 1\ and at lliat time it was tbon;»li1 that the apparent inhibition 
of frrowth mijrht have been due to a killing of the more exposed cells of the 
spore. Ilowtwer, when the same effect was ob.served in colonies formed by 
the other funp:i, most of whieh had aso])tate spores, this theory had to be 
abandoned. It was found that the amount of inhibition was directly related 
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to tho period ot* irrailiation. Also, the different l'unf>:i varied considerably 
in the dejrree to which they were retarded, the (*olonies ol‘ Pcnicillium fx- 
pansttm beinji eonsiderably dwarfed by an eximsiire of 25 seconds, whereas 
those of Cladosporium Ju rharinn recpiired 2.\ minutes for a noticeable reduc¬ 
tion in rate of growth. In addition to the retardation of vej>:etative *i:rowth, 
there was a eoncnrnMit laj^ in the formation of reproilnctive bodies. 

Delayed spore <rermination resulting: from the action of ultraviolet ligrht 
lias been observed by Dirnoiul and Dujrgar (5^, anti Uentschler, Najry. and 
Moiironiseff (lt<) have rej)ort(‘<l a retarded develo])ment of bacterial colonies 
following: exposure to this type of irradiation. Other workers (1, 2, 15) 
have shown that 2537 A.I', radiation alters ajrar-water j^els to such an extent 
that they are less suitable for the develoj)ment of ctTtain bacteria, the inliibi- 
tion being: due, at least in juirt, to an increase in acidity of the medium. It 

TAIUjK '2.—Thf number of riablt air borne funtinn sjtort.'i on atjar plalra (xpitsul in 
irradialtd and nonirradiated sertioufi of the parkint/ 


J^ocjitioii of a^ar platc.s 
IrraiUatccl section—on sorting: l>clt 


Nonirradiated .section- at olovation 
comparuMc to sorting belt 


Plate number 
1 

o 

4 

o 

Average 

a 

4 

s 

a 

10 

Average 


C.Vdonie.s*' per jdate 

i:5 

17 

IT) 


IS.O 


10 

14 
lM 

15 

is V 


a spores allowed to settle on nutrient agar plat«‘s tor o minutes. 

h The fungus genera obtained were principjillv inriUium, soun* Altn naria, ilado- 
sporium, Oospora, rulluUiria, Sicmphptium, and a few unidentifu'd forms. 


is not known whether the retardation of etdony formation idism-veil in th<‘ 
present study was due to the direct action (»f the light (Ui the fungus or to 
s(mie alteration of the substrate. Possibly both factors wen* operative. 

VUihflilif of Sports ttn Irradhital Fnilf Ctninifor, Material lightly 
scraped from 10 positions on the surface <if a portion of the fruit (*onv(*yor 
that had not been exposed to ultraviolet radiatioii yiehled fungiiN growth in 
♦»ach instan(‘(* when transferred to nutrient agar. Similar material from a 
portion of the belt that ha<l been irradiated eontinuoiisly for 45 minutes 
produccil'colonies in 7 out of 10 traii.sfiT.s. The fungi isolated from the 
irradiated section included one or m(»re species of Alitrnana, in, 

Pidlulnna, and Sit mphifliiun, all of which are known to cause decay of sweet 
fiherries. The same organisms, with the addition of Clfidosporinm aiul 
Mucor, were obtaim*d from the nonirradiateil jmrtion of llie conveyor. 

This test indicates that some of the fungus spores on the treated portion 
€>f the conveyor were destroyed, but it also shows that much viable inoeidnni 
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still remaiDed. A quantitative test to determine the number of ^(‘rminable 
spores on the irradiated and nonirradiated portions of the belt was not made, 
but judging from the data of table 1, it would seem that most of the exposed 
sjxu’es would be kill(*d by treatment with ultraviolet light for 45 minutes. 
Howev(‘r, the mesli of the fabrie belt, juiee from injured elierries, dust, and 
other extraneous material would lend to protect some of the spores and thus 
reduce the effectiveness of the treatment. 

Effect of Itadialion on Air-borne Spores. The data in table 2 indicate 
that the ultraviolet lamj>s installed above the sorting belt did not reduce 
aj)j)reciably the number of viable fungus sj)orcs being deposited in this sec¬ 
tion of the ])acking room. Evidently the radiation did not contact the spores 
for the ii(*eessary lethal period. Also, inasmuch as the upp(‘r air in only 
about one-fourth of the ro(»m was irradiated, it is highly probabh* that spores 
from nonirradiated areas were deposited on the sorting belt. The conidia of 
PcnicitHum, wliicli previously iiad .sliown little resistance to ultraviolet 
irradiation f Table 1), wen^ found to be tlie ju’cdominant viable type settling 

'i’AliEK t f}'( ct of filirnvioh t rud'mtion on thr 0rrr1opmrjit of hluc-mold 

(Itvoii HI artijii'iahi; iuornlatf d sivt't f rh( rri(‘.^fi 


Irradiation poriod 

Av. of 3 

fruit ftaiuplos 


Decay 

MifUiit .s 

(ira mft 

(drains 

Per cent 

0.0 M'hock) 

075,7 

852.7 

87.4 

O.o 

it20.0 

840.3 

01.4 

1,0 

010.0 

817.0 

89.8 

5.0 

010.0 

836.3 

91.0 


L.'imhrrt willi tln ir .stem.s ri'inovfcl, wore dipped in a suspension of spores 

of /% ninflmiii /.rpaiiMinn, irriolijitod, and .'tor(*d for 10 davs at 40” F. plus 3 dav.s at 65^. 

on the sorting belt. It is obvious that the limited radiation employed would 
fail to pn>t<M!t cherries on tlie sorting belt from reeontamination by air-borne 
spores; Iiow(‘ver, if tlie air of the entire room Avere irradiated some protection 
could logically be exj)ec1(Hi. AVhether this protection would be of com¬ 
mercial siguifit-aiice has not betm demonstrated in the.se experiments. 

Ului-iHohl J)(cnjf in Inovulatal CherriiS Treoied with VltravioUi Light. 
As shown in table 5, it \m\s impossible to obtain control of decay in injured 
cherrit's that had been artiticially inoculated with the .spore.s of Pcnicillium 
c.rpoiisitm. The maximum irradiation period of 5 minutes, which Avas 12 
times as long as the commercial expo.sure, failed to effect any reduction in 
the amount of rot. It is rci-ognized that conditions Avere extremely faAorable 
for infection and for j^rotection of the sjuAres from the radiation; hoAvever, 
openings resulting from tlie accidental removal of stems constitute one of 
the im])orta»it avenues of infection in sAveet cherries. The spores of P. cx- 
patisKiH have little resistance to ultraviolet light (Table 1), but under the 
condition.^ of this test—actually not different from seA’ere natural condi¬ 
tions—the ruiliation in letlial dosage evidently failed to reach the spores. 
Th(»se results emphasize the fact, evidently largely overlooked by tliose pro- 
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motiiig the use of ultraviolet liprlit for the control of fruit decay, that the 
destruction of exposed funjifus spores in Petri dishes is a distinctly diffenuit 
l^roblem from tlieir destruction in favorable infection courts in j)lant tissue. 

Effect of Irradiation and Stonujc Tempe raturr on the Decap of Naturally 
Inoculated Cherries, In tests made with 8 lots of sweet cherry fruit that 
differed markedly in their susceptibility to infection, ultraviolet radiation 
was totally ineffective in reducini*: <lecay (Table 4). Xejralive results w<*re 
obtained wlien cherries were (‘xposed to the li^ht for 10 mimites, a period 


TAMI.E 4 .—The effect of itliraviotct irrunioiion ami storapr (f i)i/a rafnn on the 
ih caif of naturalhf inoculated aiveet cherries 
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24 times as Imitr as that used eomuicridally. Lot 1 luul about the maximum 
aiMOuut (»f rain-damajred fruit that ordinarily would he toleratt*d in eoju- 
mereial handlinjr, aiul the decay that developed in this lot <*mjdmsizt‘s tin* 
hazard connected with the sliipinent to eastern mark(*ts ol' this (dass of 
cherries. Tln‘ fruit of I^ot 2 was of ex<*ept ionally tine cpialily, and had a eidl 
frrade of ordy 2 per cent when received fnnn the jinuver. If tin* pere(mtay:es 
of decay appear unduly hifrh, it is because injured fruit with myetdium 
visible to the naked eye tui the <‘xposed tissue, but without evident ]>cnetra' 
tion of the sound flesh, was elas.sed as decayed. 

The importance of proper lowerin}»- of transit temperature in llie control 
of brown rot and blue-mold rot of sw(*et eherri(vs lias previously been dis¬ 
cussed (7). The stimulatory eff'cet of ridativcly hi^di stora^^e temperature 
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(50^ F.) on the development of natural rots is shown in table 4 (lots 2 
and 3). Irradiation of the fruit up to 24 times as lonp: as is eommereially 
])raetieed failed to reduce decay, whereas a difference in temperature of 10 
de}i:r(*es F. for only 5 days had a sijrnificant influence on the amount of spoil- 
ajre. Ultraviolet radiation, as used in these studies, appears to offer little 
if any promise for the control of decay in sweet cherries, whereas the mainte- 
lunice of proper storap:e and transit temperatures definitely reduces such 
loss(*s. 

One of the (jueslions raised by some of the handlers of sweet cherries 
])rior to the installation of ultraviolet-ray e<(uipment was the possible injuri¬ 
ous effect of this radiation on tin* fruit. Careful examination of the irradi¬ 
ated cherries and their st(*ms faile<l to show any evidence of injury, even 
followin«r the maximum periods of exi>osure. Similar results with oranges 
were ol)tained by Fulton and ('oblentz (9). 

DISCUSSION 

It has been found lliat the sj)ores of the inon^ common fun*ri eausinjr 
de(*ay in sweiM ciierries can be destroyed by ultraviolet radiation if tiie re- 
(piirements for |)ro[)er wave lenjith. intensity, ami i)eriod of exposure are 
fultilled. AVith information such as this at their disposal and with the 
knowle<i;rc that infe<-tiou does not occur unless spores ('onie in contact with 
fr\iit, some individuals have assumed that irradiation of contaminated j)lajit 
material would lar<n‘ly |)revcnt the developmeiU of decay. The fallacy of 
sih'h ^‘asiMiiim has b(‘en sIkavu in the ]n*es<mt exi)eriment by irradiating? arti¬ 
ficially and naturally coutaminated cherries for ])eriods considerably loiiirer 
than iM‘cessary to kill most of the exposed fungus sp(»res. Jt is the spores 
that liavi‘ becona* lodged in ru])tures in the skin of the fruit that are lar^»’ely 
responsibh' f(»r (h*cay, and these arc tlie ones that ultraviolet lifjrht seems 
in('a])able <>f rea(d^i?m^ K\ i<lently most of the injury and contamination of 
the fruit «K*curs j)rior to the time it is unhmded at the imekinjr j)lant, ajid the 
subscijueut ])artial disinfecting^ of the cherries by irra<Iiation has no appre- 
ciabh* (‘fleet on the devtdopment of decay. 

Apples berome heavily c(»ntaminated with funjzus spoi*es in tin* orchard 
( 13) and th(*re is little doubt that cherries are similarly inoculated. This 
('ondition is entirely different from that in bakeries and many other food- 
pr(M'<*ssinir |»lants in wliieli the ori^rinal proiiuet is essentially free from 
spores or baet(*ria, and the problem is to protect it from eontaminatioii. 
Here the ust* of ultraviolet radiation to lower the population of spores in the 
air and on ecpiipnient would be exi)eeted to prove h(*nefieial. 

As a means of sterilizing the fruit eonv(\vor, ultraviolet liy:ht proved 
partially effective, and if the u]>per air in the entire packing room had been 
(M)ntinnously irradiated there is little doubt that the population of air-borne 
si>ores would have been reduced. However, from the results obtained in the 
])n*.sent experimejit it appears doubtful that either faetor would appreciably 
affect the amount of decay developing in sweet cherries. 



110 


Pj l YTOPATIIOLOG Y 


[VOL. 36 


SUMMAKY 

The eHeet of ultraviolet radiation (wave length 2537 A.U.) on the spores 
of 7 fungi that cause decay of sweet cherries, and on the development of 
decay in this fruit was determined. 

The fungi showed extreme variation in the suseeptibility of their spores 
to tlie lethal action of the radiation. Most of the spores of PvnicilliHnt e.r- 
ponsion were killed in 30 seconds. Avhereas only a few of the eonidia of a 
species of AJfi'rHurla were destroyed after an ex]>osure of 5 minutes. Sj)ores 
with dark-color walls showeil great(»r resistance than those with light-color 
walls, (^dony formation from irradiated sjunvs that wen^ not kille^l was 
noticeably retarded. 

The viable spore-load on the fruit c(»nveyor in a commen*ial sw<M*t-cherry 
packing plant was rcdu(*ed by exposure to ultraviolet light, but the number 
of jiving air-borne spores in an irradiated section of the i)acking room did 
not differ significaiilly from the iiumluT found in a portion of tiu* rooiii that 
received no ultraviolet treatment. 

Blue-mold decay in artificially injured,>and contaminated sweet tdierries 
was not reduced by exposure to ultravioletMight. 

Natural decay of sweet (‘berries was not controlled by ultraviohd radi¬ 
ation, even though the period of exposure was extiiided ut» to 24 titmvs that 
employed commercially. As used in tlu'se studies, ultraviohd light appears 
to offer no promise for the eontrol of d(‘(*ay. wlieivas iIh‘ mainttiiaiUM* of 
proper storage and transit temjieratures definit(‘ly reductvs losses from di^cay. 
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FIELD STRAINS OF TOBACCO-MOSAIO VIRUS 


E . M . .1 0 II X sox A N I) \V . I) . V A L \i K A tl 

(Accepted for puhlicatioii August 10, l{>4r>) 

111 the laboratory many strains o! the tobaeeo-niosaie virus may be iso¬ 
lated from a driven field strain if the vims of the field strain is ‘‘jilated out’^ 
on a necrotie-spottinjr variety of tobaeeo or eertain other speeies of Nlcoflayia, 
and transfers are made from individual spots to siiseeptible ]»lants (2, il, 
(), 7). These isolants may be less apr^ressive than the ori^dnal field strain 
and be ontjrrown by the latter when both are mixed in a driven ]>lant. Some 
of these isolants mi<«dit be jiiirely laboratory strains whi(*li eould not survive 
in the field. As a result, |>erhaps. of sueh studies as thest*, some laboratory 
^^orkers not too familiar with tin* tobac *(‘0 mosaic dist'ase in tlie fiehl, havt‘ 
taken the view that there is but one strain, or at best only a few strains, of 
the tobae<*o mosaic virus in the fiehl. For examph*. one \NJ‘it(*r (1» states 
that by various isolation teehnies, ‘Miter' lly hundreds of dilferent strains 
can be obtained"; yet, lie states, “when (uu* ^n>es into the field to obtain 
toliaeeo mosaic virus, one always timls the sam(‘ strain in tln‘ tobareo iields. 
AVhy? The strain is nature’s fittest.” This not uneomnion view has led to 
a jrreat deal of ('onfusion in the litm-ature. 

Several papers have been published, in which the virus used has l)(‘en 
identified by the term Tobacco Virus 1 or Nieotiana Virus 1, iidVrrinjr that 
this description is sutfi(*ient to identify the strain in the future. I5v defini¬ 
tion Tobacco Virus 1 and Nieotiana Virus 1 iindiide na^st of the field strains 
of the virus studi(‘d by virus w<»rkers from the lime of Mayer to the ju*«vsent 
(5, 8). TJiere is no way of knowing- ho\\ many distim-t strains of the tobacco 
mosaic virus have been studietl during-*' this period. When inoculations are 
made from cijirars, cijrai’cttes, f>r other dried tobaiM^o. is<dat'Mi yellow spots 
often develop on the first invaded haves, iinlieatinv that \elh»w strains are 
abundant in nature. Yellow and white strains are also rre<|uent}y found in 
solanaeeons weeds j/rowino' in old tohaeeo-«^»'i*owinL^ areas. More coindnsive 
proof that nunierons strains are established in nature is fnrnislie>l if codec 
tions are made from toha<‘eo and solanaeeons wcinIs in old lohaeco-^rowiiiL^ 
areas where tobaeeo is rotated with jrrass, thus allowing tin* perennial hosts 
to yiersist. Thider tln‘s(‘ conditions the jierennial .solanae(*ons weeds (»eeome 
infected and atd as reservoirs of virus for years. 

Tobacco plants also become infected from dried mf>saie tobacco of pn'vi- 
ous crops, from the liands of w(»rkers. Infection of s<*edlinLr |»laMts by indi¬ 
vidual virus particles may be frecpicut, and mutant strains, if ])re.sent. eonld 
become established in jinre culture in imiividual plants. If tin* .strain liaj)- 
pened to be nona^'jrressive it niijrbt, in the life of a vi<ron*usIy ^M'owiiifr 
tobacco plant, produce a more aj^jrressive mutant and be replaced by it or it 
mijLrbt become localized and lost. If aj;;?ressive, tin* new .strain mijrht be 
spread by the usual methods in the field and beeome a welbe.stablis)ied field 
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strain with no chance of competition from less vigorous strains. In old 
tobacc'o-jrrowinjr areas it is not unusual to find predominent strains on nearly 
every farm, strains which often differ from farm to farm. On lar<re farms, 
where imudi transient labor is used, many strains of the virus are found. 
It is thus ])ossibl(^ for numerous mutant strains to become established and 
maintain themselves in nature. There is aecumulatinjr eviilence that numer¬ 
ous field strains of the tobacco mosaic virus occur. In 1928 Valleau and 
Johnson (10) mentioned 4 distinct field strains, in 1930 Johnson (4) de¬ 
scribed 7, and in 1936 Valleau (9) d<‘scribed 18 distinct field strains in a key 
whicli indicated the complexity of tlie tobacco mosaic* problem in the field. 

The purpose of this paper is to present additional evidence that numerous 
.strains of the tobac'co mosaic virus occur in nature and that these strains 
produce a complex of symptoms in tobacco, variable both with tobacco 
variety and (‘iivironmeut, whicli makes it nearly imj>ossiblo to describe a 
virus strain witli sufficient (*larily so that it can be identified with a strain 
described by another worker. 

EXmiRIM ENTAL KVIDKN(’E 

Four necrotic-spottinj^ (X'X') tobacco varieties (11), Kelly and Judy 
(Hurley), Keritucky 120 and 129 (dark fire-cured), in the greenhouse, were 
inoculated in du}>li<‘ate with dried material of r>4 field collections of tobacco 
mosai<* \ irus. Inoculations were in triplicate, on tield-^rowm ]>laiits of these 
varietit‘s (except Ky, 120), with the 54 virus strains. Inoculations w’ere 
also made to a non-uecrotic-s])ottiup: variety (Ky. 16 n'n') but many of the 
viruses ap]>eared so mucli alike on this variety that it was not considered a 
good t<*st plant for show ing differences in strains. The dried samples used 
in these tests were collected during the past 15 years from naturally affected 
tobacco ])lants from Kciitiu'ky fiehls, with the following excej>tious: one each 
from tobacco from Florida aiul Xorth Carolina; 3 from garden pepper, and 
2 from riiffsiiliii sp. Included in these tests was a strain (Xo. 52 in table 1) 
of tobac(*() mosaic virus from tlie 1882 hurley crop. Many more field strains 
of tol)ac<M» niosa’t', appar(*n11y difft^reiit from tlio.se used in this study, have 
been collect(‘d from tobacco jdants and Aveeds, indicating that the number 
of tobaccO'inosai<* strains of natural occurrence is almost unlimited. 

For conveiiiojico of desci’iiition, the tobacco-mosaic strains are grouped in 
tabic 1, on the basis of symptoms caused iu the uecrotie-sjiotting varieties 
of tobacco. Ill the greenhouse the 54 tobacco-mosaic strains could be placed 
roughly in 19 groups; liowever, no two strains within a group were iilentical. 
Affected plants w ithin a grou]) had the same general type of symptoms but 
there were difiVrenees in color and distribution of mottling, degree of distor¬ 
tion, size and type of local spots, and degree of dwarfing, that w*ere observa¬ 
ble only by direet comparison. 

In the field, symptom differences were greater and more varied. A mini¬ 
mum of 33 grou]is was reipiireil to classify them. For example, in the greeii- 
liouse, colletdion 9 cause<l slight dwarfing and distortion and produced yellow 
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ring-like patterns in all varieties tested, while in the field, the symptoms were 
almost identical with those caused by “pure white’’ mosaic (collection 1). 

TABLE 1. — Symptomtf^ cansrd hy field si rains of Itibacro mosaic virus in nerrotic- 
spotting {N'K') varieties of tobacco 
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“Pure white” mosaic did not become systemic in greeidiouse toba<'co plants, 
but in the field this strain became systemic and causctl marked distortion. 
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All viruses of ^rmilioiiso jrroup 4 oaused marked dwarfin*? and necrotic 
sti’oakinjr of veins and mid veins of invaded leaves. None of these caused 
streak in the field, in this test, and because of dissimilarity of symptoms, 
t]i(\v were placed in 4 distinct frroiips. Other strikinjr shifts in j?rouping in 
the field are observable in table 1. For example, tlie viruses of frreenliouse 
"roup 14 formed 5 distinct "roups in the field. 

The descriptions in table 1 are not specific enoufrh for identification of 
the viruses. They are »riven only to show that many strains of tobacco 
mosaic exist in nature. This study indicates that it is unsafe to assume that 
one is workiii" with the same tolmt^co virus strain used by another worker 
mfuvly because it was obtained from an infected plant in tlie field and eom- 
pares faii ly elosidy with juihli-shed d(‘s<u*iptions of syinidoms on a single 
variety of tobaeco aiid under one set of environiuental conditions, particu¬ 
larly if the desciijUious arc based on the use of a non-necrotie-spottin" 
A'aricty (ii'ii') of tobaceo. Two viruses may appear identical on a non- 
)UM-rotie-s])ottin" variety, wJierea?% on a neerotic-spottiii" variety one may 
produce necrotic spots and streak, while the other may eanso only mottle. 
The terms Tobacco Virus 1, common field strain, or wild strain of tobacco 
m(»sai(' virus, if used to designate a specific virus conunoidy distributed in 
i!aturt‘, arc misl‘*a<lin". 


SI;M MARY 

Fifty-four drbsl samples (if tobacco, atfected with tobacco mosaic, col- 
Ici'icd diiriii" 15 years in Kentucky tobacco fields and elsewhere, were used 
to inoculate iiccrotii^-spottiinj varicti«*s of Xicofiana iahacum in the "reen- 
boiist' and field. The sym])toms caused by these samples varied "really both 
in the "ns-nljonst* and field. There were all shades of mottlin^^ from pure 
white t<» dark "reen, various dcjrrecs of distortion and dwarfiii", various 
types and sizes (»f chlorotic and necrotic local spots, and various de"rees 
nf burn. No two collections caused identical sym])toms, either in the jzreen- 
hoiise or field, alDurntrli symptoms on rc])licatc ])lants were identical. On 
a basis of simila'ity of symptoms and for convenience of arrangement in 
tai)ular lorm, the collections were ])lac<‘d in a minimnm of 11) "roups in tlie 
^rc(‘nhousc. Thirty-three "rou])s were the juiiiimum into whicli the 54 
strains could b(» placed in the field te.sts. 

^lost of tliesc t<>bacco-mosaic-virus collections, if on n'n' tobacco plants 
could, by definition, be cousi<lereil Tobacco Virus 1. For this reason it is 
su""ested that the use of the term, T<»bacco A^irus 1, in the sense that it de¬ 
scribes a s})e(*ilie entity, is not justified nor is it desirable to use the terms, 
eommoii field tobaiMMMuosaie virus, or wild-type tohaeeo-mosaic virus to 
indieate a specific entity, for the same reason. 

A(Jkictu.,ti’ral E.\i*i:riment Station, 

TjExinoton, Kentucky. 
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LEAKHOPPBR TRANSMISSION OF THE VIRUS CAUSIN(i 
PIERCE’S DISEASE OP GRAPE AND DWARF 
OF ALFALFA 

\V M . 15. Hewitt,! Ji y k o n R . H o u s t o n , -i o r m a n \V . 

F R A Z I E R , 3 and .7 . 11 . F R E I T A G ■» 

(A('C(*j)ted for publication August 13, 1945) 

Til is ])a])er j)r(‘s(*ijts niclhods and <lata moiitioiied in pivviously published 
abstracts on the finding: of leaf hopper vectors of the virus causing alfalfa 
dwarf (6), the virus causing Piiuve’s disease of grape (3), and the associa¬ 
tion of the two diseases in the field (4). In addition, it describes the methods 
used in intertransinission exjieriinents between alfalfa and grape, and the 
data obtained. 

LlIAKIIOnCKU TRANSMISSION OF TllK ALFALFA DWARF VIRUS 

Weinier «8, ti, 10, 11) determined that the alfalfa dw^arf disease was 
caused by :\ vims transniissibh^ by grafting, that it s[)read naturally in 
exj[)eriniental plots in llie field, and that it was apparently inseet-traiismitted. 
lie yl 1) test<*d some insects, but did uot report any transmission. 

Tie' distribution of diseased alfalfa plants in tlie fields follows, as Weimer 
remarks, a pattern indi('ative of inseet transmission. During this investiga¬ 
tion, in new fi<'lds planted adjacent to sever<*]y infested fields the disease 
conld be found in lht‘ new filantings on the edge nearest the older plantings 
within 8 to 10 months after the new ones hail become established. This 
oceui’rcd wlicther tlu' new liehl immediately adjoined the old one or W'as sei)a- 
rati'd from it by a road or by other crops so that each field was culturally 
treated as a separatt* unit, \'irus-discaso movement of this type points to an 
insect as the vector. 

As mentioned in an abstract ((>). tlic results of field caging trials in 1!)4() 
indicated that the a irus was transmitted by insects. Two muslin-covered 
(*ages well’ constructed on land not previously seeded to alfalfa, wdth each 
cage covering IDU scjiiare feet. Alfalfa of the California Common variety, 
sct'dcd undm* each cage, was allowed to grow' for about three mouths. Then, 
colh'ctimis (»1‘ most iusc<*ts commonly found in diseaseil fields were introduced 
into cage A, and insects were exehided from eage B as far as possible. Six 
months after the inseets were introduee<l, fi3 per cent of the plants in eage A 
had tiie dwarf ilisease as conijiared with 1 jier cent in cage B from which 
insei'ts were exeluded. Five months later, less than 15 per cent of the origi¬ 
nal stand remained alive in the insect-intested eage A, and 44 per cent of 
these showed typical dwarf symptoms; in the insect-free cage, B, ai)proxi- 
matcly 100 ])er cent of the original stand remained, and less than 2 per cent 

1*2 AHsistaut Professors of Plant Pathology and Asvsistaiit Plant I’.athologists in the 
University of California at Davis. 

3 Junior Entomologist in the l^nivcrsity of California at Berkeley, 

* Assistant Professor of Entomology and Assistant Entomologist in the University 
of California at Berkeley. 
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of tlit'so were diseased. The small pereeiilage of disease in the inseet-free 
cage B, was apparently the result of transmission by insects found to have 
accidentally gained entrance into the cage. 

Transmission tests were made with over twt‘nty s])ecies of insects, includ¬ 
ing aphids, bt'ctles, leafhoppers, treehoppers, and thrips. Those, except the 
thrips, were collected in diseased alfalfa fields and caged for 24 hours on 
dwarf-diseased plants before being caged on healthy plants. The thrips were 
collected on diseased alfalfa plants and transfern‘d directly to healthy 
plants. Four months after the date of caging, the plants were dug a)id 
examined. The only transmissions occurred in two of the three trials with 
Dracculacvphala mhurva Ball. A later trial with 100 indiviiluals of this 
speci<‘s, caged on dwarf-diseased alfalfa jilants and subserpumtly transf(*rred 
in one group to 30 healthy i)lants in a single (*agt*, resulted in infection of 

TABLH 1.— Xotural of four sptrifs of hafhoppf rg colU rltd in Ihcir 

natural habitats and transmission of alfalfa dwarf virus from disiustd to hfolthp alfalfa 


plants by those leafhoppers 
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a The Jiiimlior of hopj ‘TS in iin li lot tosl< 4l fmni l‘o tn 0) iinlivitliio Is. 

Positive indicsites tiiMf lots of le;ifhi»|>|K r‘' wt if <';irnii);,» the <hv;irf vir\i.s whm 

eolJected; Negative, that thi'v were not e:jrr\irig thf ♦Psiirf viros vvlu ii etdleet* d. 

03 per cent of tlte plants. A similar test with a eln.sely rdattvi leaflioppcr, 
f^ariuocephala (nUjida Xntt., resulted in ]?b4 fic?' ci*nl infectitm. 

During 1941 through 1943. (‘(inTn*llcd in.stMdary inoculations were made 
testing r;everal s])t‘cies of insects (M)llccted iji atfet-tcd areas ami in an^as 
widely s<‘parated from any diseased alfalfa platdiug^. I'liese collect ions were 
separated into lots of 20 to 40 indivitluals, rsnally. before being used for 
transmission tests, each lot was fed on a scries c)f healthy alfalfa jdants to 
determine whether any insects in that lot wen* natnnilly virnliftu-ons. Aft<*r 
incubation of the plants nse<l f<»r these natural Infeetivily tests, it was possi¬ 
ble to separate transmissions ohtain<*d by lots of leafhojjpers provc<l natu¬ 
rally virtdiferons from transmissions by those ai)parently nonvirulifm-ons. 
Asa rule, when the vectors were collected in areas where the virus was preva¬ 
lent in. alfalfa, they were naturally viruliferous. Collections in areas widely 
distant from dwarf-diseased alfalfa varied (Huisiderably in the p<Tcentage 
of lots proving to be naturally infective. Occasifjually rep<‘ai(*d collections 
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from an isolated })opiilation Jiave been free of the virus. Tliis method of 
obtaining nonviruJiferous leaf hoppers was necessary because of inability to 
rear suffieient populations in the inseetary. 

Table 1 shows the results of natural infeetivity and dwarf-virus trans¬ 
mission tests w'ith lour si)eeies of leafhoppers. Because an attempt w^as made 
to collect the vectors in areas known to be relatively free of the virus, the 
majority oi lots of three (»f the species were not naturally infective. The 
collections of Svoknlla [i^cadcUn) circdlata (Baker) were, however, usu¬ 
ally so. 

With Dracciilarcjihala intturra Ball a total of 47 lots, 45 of which w^ere 
nejrative in the natural inf<*ctivity tests, were used in the transmission trials. 
After leedinjjT on diseased alfalfa, the two lots shown to be naturally infective 
Avere led on 57 healthy alfalfa i)lants, with resultant transmission of the 
virus to oo of th(‘se. The naturally noninfective jots, after feedin*? on dis¬ 
eased alfalfa, infected bO of* 91 j^laiits inoculated. All lots of Carn(ocephala 
jidgida Nott. test<*d wei’e naturally noninfetdive, and of 14 t)lants inoculated 
b Avere infected. A\ ith II< htchara delta Oman' the ten lots tested were natu¬ 
rally noninfe(*tive, and of 2(» inoculated ])lants wer(‘ infected. Fourteen 
of the lb lots of* ^((^/^olla virvdUfla (Baker) tested were naturally infective 
and iulccttHl b9 of the plants inoculated. Witli the two noninfective lots, 
only two plants wen* iiuuodated; Ixdh developed the disease. 

Xumerous transmission trials wen* made Avith other collections for some 
ol Avliich th(‘ natural ini(‘c1 iA’ity Avas not testiai. Tlu^ residts are included in 
table b. 

LE.VFIIOlMma TltAXS.MlSSlON OF THE VIRUS rAUSING PIERCE ’s 
DISEASE OF GRAPE 

i'i(*ree’s disease of the ^j*a|Hwint‘ ( 8, 5t, recognized in ('alifornia as early 
as 1S84, was dt*seribed by Xewton B. Pierce in 1892 under the name “Cali- 
iornia A’ine disi'ase” ( <). It subsided arouiul 1910, but beeame iiotieeablA' 
aetive a«raiu in ^u*apeA ines about 1994 (5). In 1998 it Avas shown to be trans¬ 
missible b\ LM aftin;^ i 2 \ aiul thereafter it Avas renamctl Pierce's disease (3). 
The discovery that Pierce's tliscase Avas trausmissibh* by frrafting and aa’HS 
])rol)al)l\' caused by a virus led to a search for possible means of spread. The 
j)attern of tliseast‘d-jira]>eviiK' distribution sufijrested some insect as a vector. 
Tile distribution folloAved two »i:eneral patterns: first, diseased vines irrejrn- 
larly scattered throujrh the vineyard; second, iliseased vines concentrated in 
ladatively small areas. Bntl) types of distribution Avcrc found in most vine- 
yanf districts of the State on varied soil ty]>es and under different cultural 
l)ractiecs. Loealized spots of diseased vines Avere often found in i>ortions of 
vineyanls where Avatei* had been allowed to stand after irrigation and in 
other plaees Avhere ^U'asses continued to flourish, such as marj^ins near irri- 
jrated i)astures and alfalfa fields. These places u.snally supported numerous 
insects and the presence of diseased vines indicated that tliey included 
l>ossible vectors. 

Deicrniiiiod l>y P. W. Otnaii, Tiureau of Kutomolo^y and Plant Quarantine Division 
of Insect Identifieatiun, Washin^rton, 1>. C, * 
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Further evidence of insect trunsmission was obtained during? 1940 in 
vineyards where insect lij?ht traps fitted with {?as-diseharfce tubes and 
electrocutin*? grids liad been installed. The traps were operated after dark 
for control of tlie grape leaf-folder. In a vineyard where an experiment 
with different liglit traps was being conducted,*^ one 10-acre block of vines 
fitted with four 250-watt blue mercury-vapor-tube light traps had diseased 
grape vines around each trap, as shown in figure 1. AKso, according to 
results of insect-net SAveeinngs taken in this block of tin* vineyard, tliere was 
a higher population of several species of leafhoi)pers on the grass and weed 



Fig. 1. CoiU'Oitnitioii of vinos with Piorvo’s tlisoas«> in ;ir tho H^riils in i\ 

10-a<To vinoy.'ird in whioh wvn* in^tMiliMl four LMO-watl l)luo morrur\.ipor-tuln.* light traps 
fitted with oloclrovutiiig grids. 'I’ho oiroh-s iiclioate the j>c>sition uf the 4!iso:isod vim-s 
ill the vim-Mird in fho spring of 1040. The arrows indiralo tin* hx'aticMi of the 
light traps. 

eover beneath tlie lour light tra]>N than elsewhere. Tiic inl'ormation obtaim*<I 
from these tra{»s narrowed the s<'n[M» nf insects to be fcsttsl as imssiblc vectors. 

TJic genera) plan for diset^vering a vector of Picn*o \ disease was to test, 
wherever tliey 4‘Ouhl be found, ail ins4*cts that miglit possibly transmit tin* 
virus. Preliminary l(‘sts wen‘ made on voting vines growing: in a plot located 
in a Venerally infested area, fiarge numbers <»f <*ontrol vines were main¬ 
tained, inters])crse<l ainoiig the test vines to imlieate possible iialnral spn‘atl, 
The insects were coIlectt*d with hand nets, .segregati'tl. and plaeeil iti clnrse- 
cloth bags with cellophane wiiuhnvs. These bags were jilaced over foliage 
of diseased vines, whence they were removed later, after 1 to 3 days’ f<*eding 
of the insects. The bags containing tin* insects were then j)laef* 4 l over foliage 

«This oxperimont with light trjip» wa.M iM-iiig conducted l»v .1. K. Kllswurth, Division 
of Entomology and Parasitology, University of rnlifornia. 




1946J Hewitt et al. : Viurs op Grape and Adpalfa 121 

of healthy test vines, where* tliey were kept, usually, until the insects were 
dead. 

During? 3989, as previously mentioned (3), 54 species of insects were 
tested on 94 separate jrrapeviues. Ten vines deveJoi)ed symptoms of Pierce’s 
disease, but only one out of 215 controls did so. Duriuf^ 3940 a total of 60 
species, includinjr some ol! those jireviously tri(*d, were similarl}^ tested. Six 
out of 21 viiK's caj^ed w itli Draccnlacrphala minerva Hall and 3 vines out of 
19 cajred wuth Carn(.ov(phala fuUpda Nott. developed symptoms. Only 6 out 
of 506 control vim‘s develope<l the disease. The symptoms were the same as 
on vines frrafted w’ith diseased WTiod. 

Durinjr 3941 tlirouj^h 3943, tests were conducted in an insectary. All 
trials were made in ins(*ct-j)roof cajres in a scn*en liouse or in a greenhouse. 

TAIJLK -.—Sahirnl ihfrctiviiij of four sp/cii s of Icafhoppcra collected in their 
nntural h<thi(ats ami fraustnisi^inn of Punu (list as* rirn,s from diseased to healthy grape 
by thr.sf Itofhopptia 




Lots of insects tested* 



Species nf 
le;ifh«»ppi‘r 

Nd.<.f 
CdiU'C't idiis 

Xo. 

State of 
natural 

Xo. of 
plants 
inoculated 

Xo. of 
trans¬ 
missions 




infect ivity*^ 



Jhm rulaci phala }nim rra 

0 


iNthitive 

10 

2 



Ni‘fiativc 

40 

10 

C'ano tn't phala fulgola 

e 

0 

!*osit‘'vc 

(1 

0 



.*5 

Negative 

10 

4 

}lt hician'a dt lla 


1) 

Posit i\ e 

n 

0 



4 

Nct:ativ(* 

11 

7 

nl, iilla ri rrt Ha la 

m 

:is 

Posit ivt‘ 

10 

37 



s 

No^al ive 

8 

4 


'rix' nuMjbrr nl' IfMflu'pjh-rs ill lot tfstoil v.irivil from -O to 4U iudividuals. 

Po.siti\i’ imlirati's tlmt lots of loofliopprrs rorryinjx the virus of Piercers 

disfjisc uln'ii ••nlli'ctod; N(‘^;ni\o, tb:it tlu’\ \vi*n‘ not vorrvinj; ilio \irii.s of Pierce’s disease 

w1m*h Cdlh'i-lml. 

Tile lirapevines used were rooted cuttin«»s of the varieties Emjieror, Malaga, 
ir<ilinera, and 'riioinpson Seedless, ^row’iu*r in jireejihouse pots. 

Leaflioi)pers from various locations were broujudit into the insoctary and 
se^re^»*ate<l into small lots. Many lots were first cajred in succession on 2 to 3 
lu'althy jilants and Indd on eaidi ]>lant from 2 to 5 days to test them for natu¬ 
ral carriers of the virns Estate of natural infec.ivity). Each lot was then 
cancel oil a vim' that ha<l l*iei*ce*s disea.se and was held tliere 1 to 3 days. The 
lot of insects was then transferred In suecession at 2- or 3-day intervals to 
one or mon* healthy vines for transmission trials. Table 2 drives the results 
of tliese trials with four speeies of leafhoppers: Drarculapcphahi yniiurva 
Ball, Carm ocvphdla (nUjidn Nott., Ili lochani tldla Oman. Xrololla virccllafa 
(Baker). Leafhoppers in 2 out of 25 lots of D, mhurra and 28 out of 36 lots 
of iV. cirvrflafa earned the virus of Pieree's disease naturally w’hen broujrht 
into the inseetary for transmission tests. Previously noninfective lots of 
four speeies of tlie leafhoppers transmitted the virus from diseased to 
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healthy jjrapevines. Additional transmission tests with several lots of leaf- 
hoppers of the four speei(\s mentioned above were made without first testing 
the entire eolleetion for iiatni’al earriers. The results of these tests, compiled 
with others, are presented in table 6. In addition to the above named leaf- 
hoppers, Frazier (1) recently reported 6 other species of leafho])pers as vec¬ 
tors of the Pierce's disease virus. 

THE ASSOCIATION OE AI.FALFA IWAUF AND FJEKCE's DISEASE 

The relation of alfalfa fields to tlie prevalence of Pierce's disease in 
grapes was noticed in infested districts where the two crops adjoined each 
other (4). Diseased vines were usually much more ])revalent in tlie portion 
of vineyards nearest tin* alfalfa fields. In some instances, 100 per cent of 
the vines were infected in the first 4 to (i rows adjacent to alfalfa. A typical 



Fig. 2. Provalciioc of vines m;inifestiug I'ierec’s «lis(*ase in a ]iortion of a vineyard 
adjacent to an alfalfa fudd infested with dwarf. Very few diseaHe<l vines were found in 
the r(‘at of the vineyard. Faeh eirele indicates a diseased vine. 

example is illustrated in fijrnre 2, showing an alfalfa lit‘ld, bordered on the 
north side b.v vineyard. The effect of tlic alfalfa was evident in the ahun- 
daiici* of Pierce’s disease in the first 12 r(»ws of grajies adjacent to it. 

The as.soeiation suggested Unit alfalfa was harlmring a vector of the 
grape disease, or that tlic alfalfa was an alternate host of th(» virus, or tliat it 
functioned iu hotii capacities. Such alfalfa plantings usually contained a 
high percentage of dwarf-infected plants. 

Furthermore, in vineyard districts where soim* alfalfa was planted and 
where Pierce's disease occurred, the alfalfa fields were usually infested with 
dwarf. The converse? was also true. In certain districts the two crops 
exis((:d separately, in some ])]aces with and in otluT places without their 
respective diseases. 
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The first efforts to eonnoct the two diseases with the same causal agent 
were by means of mechanical inoculation. Neither dwarf of alfalfa nor 
Pierced disease of grape was successfully transmitted by various means of 
juice inoculation. As previously re])orted, however, one can transmit dwarf 
to alfalfa and Pierce’s disease to grape* ])y grafting pieces of diseased plants 
on healthy plants. Piecfcs of roots from diseased alfalfa were therefore in¬ 
serted into roots of healthy alfalfa and into stems of health}^ grape; and, 
conversely, pieces of roots from diseased grape were inserted into roots of 
healthy alfalfa and healthy grape. 

In these tests the following results were obtained: from diseased alfalfa 
to healthy alfalfa, dwarf was transmitted in 7 out of 10 trials; from dis(?ased 
alfalfa to healthy grape there were no apjiarent transmissions; from diseased 
grape to healthy grai)e, Pierce’s disease was transmitted in 37 out of 46 
trials; and from diseased grape to healthy alfalfa, 12 out of 35 alfalfa plants 
showed dwarf sym])toms after G months’ incubation. This indicated the 
identity of the viruses. 

jntkhthansmission tests between grape and alfalfa plants 

WITH LEAFllOPPEK VE(^TORS 

l"he discovery that dwarf of alfalfa and Pierce’s disease of grai)e could 
he transmitted by thi' same vectors le<l to intertransmission experiments with 
the four speci<*s of leafhoi)pers. The ])lan of the following intertransmission 
expei’iments was to attempt to transfer the virus causing Pierce’s disease of 
grape to alfalfa, and the virus causing dwarf of alfalfa to grape by means of 
(he ]eafhoi)pers. 

Leafhoj^pers of the si)ecies known to be vt'ctors were collected from vari¬ 
ous natural i)o])ulatioiis, s<uue from districts apparently free of either dis- 
eas(? and others from districts known to be infested. The natural infeclivity 
of some of these Jots of leafliojipers used in intertransmission experiments 
was tested by caging a single lot of 2U to 50 leafhoppers on each of 2 to 4 
luTilthy plants of both alfalfa and gi*a])c iii succession. Each lot of insects 
was lield on (‘ach individual plant for 1 to 3 days. The same individual lot 
was then cagctl on a diseased tdaiit, either grape or alfalfa, and then subse¬ 
quently transferred in siu't^essive order to liealtliy alfalfa and healthy grape 
])lHiits or vice versa. The jeafhoi)pcrs were i-etained on each plant from 1 to 
G days. The state of natural infectivity was not determined for all lots of 
field-collected leafho}>pers. Only i-andom sample lots of leafhoppers were 
taken from some Jots and testetl for the presenee of natural carriers of the 
virus. Usually tin* remainder of the collect ion was divided into lots, and 
each lot caged directly on diseased plants, after which it was traiisferrod to 
healthy oii(*s. All test plants were then held in large screenc'd cages or iso¬ 
lated in a gT(‘enhouse for incuhatioii. 

Some lots of tieUbcoIlected leafhoppers ])rovcd to be naturally infective 
(viruliferous); that is, as collected in nature they contained individuals that 
carried a virus or viruses that would infect alfalfa and grape. The alfalfa 
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TABLE 3. —Hfsults of ,wccr8S‘iv(^ individual plant transfers of a single field collcc' 
tion of Irafhoppc rs (X. circellata) which was naturally viritlifcrons when collected 


Pl.'ints OTi which 
leaf hoppers 
were ciijjed 


No. of Xo. of days Condition of plant 

loaf!»op]>er8 on plant after incubation 


Alfalfa 

Grape 

Graj)e“ 

Grape 

Alfalfa 

Grape 

Alfalfa 


25 

3 

Dwarf 


23 

o 

Pierce’s 

dis<‘aKe 

23 

o 



10 

o 

Pierce ^s 

disease 

10 

2 

Dwarf 


10 

3 

Pierce \s 

disease 

8 

o 

Dw'a rf 



a Plant used as source of virus in ex]H*riment; however, ineubatioa of f.he t(*st plants 
showed the leaf hoppers to be naturally viruliferous. 

plants developed sy’inptoins identieal witli dwarf, and tlie jrrapt', symptoms 
identical with Pierce’s disease. Table 3 shows the results of transmissions 
with sucli a lot of leafhoppers of Xeokolla circdlala. 

Other lots of leafhoppers as eolleeted from the field wei*e apparently 
virus free as far as alfalfa and ^rape W(‘re c*Of^H*(‘rned. for they did not trans¬ 
mit a virus to the healthy plants used in the natural infivtivity tests, but did 
carry one to healthy plants after having* lH‘en ea^zed on diseased *rra|n» or 
alfalfa. Table 4 shows the results of intm’transmission tests of the virus 
from dwarf-diseased alfalfa t() liealtby alfalfa and ^rajx' with a sin^de lot of 
Drat enlace})hala minerva. The 45 leafh(»pp(‘rs in this lot were first placed 
successively at two-day intervals on two healthy alfalfa plants and one 
healthy jrrape plant to test their natural infec'tivity. These thr^u* plants re¬ 
mained healthy showing that this lot of leafhoppers did not naturally carry 
the virus. After bein<»' f(*d on dwarf-diseas(*d alfalfa, the insects wi*rt‘ trans- 

TABL1‘i A.- -difsnUs of sum .ssirt huhvidmil plant iransttrs *•/’ a sntgh fit Id volU r 
lion, of leafhoppers {Ifraccnlaet phala mitorea) frum alfalfa to grapt with dwarf thstasrd 
alfalfa as a sourer of virus 


Plain s on wliicli 

Xo. of 

Xo, of da^ s 

< Vunlition of plant 

leafhoppers were 

leafhoppers 

on plant 

after iinoibatinn 

successively cajjed 




Alfalfa 

45 

o 

lle.ailliy 

Alfalfa 

3S 

• > 

Ilealthv 

(Jrape 

34 

o 

r lea It by 

Alfalfa, duarfa 

34 



Grape 

11 


l‘iere(‘’s dis«‘ase 

Alfalfa 

0 

• > 

Dwarf 

(irape 

0 

.» 

Pit'iee’s <liseaso 

Alfalfa 

8 


Dw.'irf 

Grape * 

8 

o 

Pierce’s iliseas*' 

Alfalf.a 

S 

• • 

■ • 

Dwarf 

(irape 

8 


Pierce’s disease 

A Ifalfa 

5 

41 

Dwarf 

Grape 

5 

»> 

Pierre’s disease 

Alfalfa 

5 


Dwarf 


a alfalfa plant umccI as virus .soun-o; the first tbreo jilauts were used 

to deteriuiiic the prcsrnc<* or absciicc of viruliftu'ous individuals in tlie lield-collcctcd 
hoppers. 
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ferred alternately to 5 healthy grape and 5 healthy alfalfa plants. After 
several months all of the grapes manifested Pierce\s dis(»ase, and all the 
alfalfa plants showed dwarf symptoms. 

Table 5 shows the results of interlransmission of the virus from 5 dilfer- 

TABLK suits of rirus traftsm^ssion tests from prape io alfalfa and alfalfa to 

grape with ten different, field colleetions of leaf hoppers (T)rneeulacephala minerva) 


Leaf- 
hopper 
lot No. 

Plant upon which 
collection was 
successively fed 

No. of 
leaf- 
hopjiers 

Lays 

on 

plant 

Condition of plant 
after incubation 

3 

Grapea 

J.j 

3 

Healthy 


I^ierce’s disease grapeb 

7 

2 



Grape . 

4 

o 

Pierce \s disease 


Alfalfa 

4 

6 

Dwarf 

o 

Ora 1)0 

If) 

3 

Ilealthv 


Pii'rce ’s disease grape^ . 

11 

o 



Grape 

« 

o 

Pierce’s disease 


Alfalfa 

4 

fi 

Dwarf 

:i 

Grape 

15 

3 

Healtliy 


Pierce’s disease grajieb 

7 

2 



G rape 

.3 


Pii'ree’s disease 


Alfalfa 

i> 

() 

Dwarf 

\ 

Grape . 

15 

3 

Healthy 


fierce disease grapeb . , 

12 

2 



Grape . 

11 


Pioree’s disease 


Alfalfa 

fi 

fi 

1 )w^arf 

n 

Grape 

15 

3 

Healthy 


TMerce’s disease grapeb ... 

p 

2 



Grape 

S 


Pierce’s disease 


Alfalfa 

4 

() 

Dead (cause unknown) 

♦1 

Alfalfa 

15 

4 

Healthy 


Alfalfa, dwarfb 

14 

2 



Alfalfa 

12 

O 

Dwarf 


Grape 

10 


I'ierce *s disease 

7 

Alfalfa ... . 

15 

4 

Healthy 


Alfalfa, dwarf' 

15 

o 



Alfalfa 

31 

2 

Dwarf 


<ira]M* 

11 

0 

JMerce’s disease 

s 

Alfalfa 

15 

4 

Hi^althy 


Alfalfa, dwarfb 

15 




Alfalfa 

14 


Dwarf 


Grape 

14 

t) 

Pierce's disease 

9 

Alfalfa 

15 

4 

Healthy 


Alfalfa, dwarfb 

12 

2 



Alfalfa 

p 

o 

Dead (cause unknown) 


Graj>e- 

5 

0 

Ph?rce’s disease 

10 

Alf.alfa 

15 

4 

Healthy 


Alfalfa, dwarfb 

13 

o 



Alfalfa ,. , 

13 

o 

Dwarf 


Grai)e 

12 

fi 

Pierce’s disease 


a The first plant in each series was used to determine the natural infectivity of field- 
collected leafhoppers. 

b Plant used as a source of virus. 


ent diseased grapes and from 5 diiferent diseased alfalfa plants to ln^althy 
grapes and alfalfa with 10 separate lots of naturally noninfective leafhoppers 
made up from one field eollection of Draeculacrphala minerva. In this series 
the virus of Pierce’s disease was transmitted from diseased grapes to healthy 
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grapes in 5 out of 5 trials, and to healthy alfalfa in 4 out of 5 trials. The 
virus from dwarf-diseased alfalfa was also transmitted to healthy grapes and 
alfalfa the same number of times. Two alfalfa plants listed in table 5 died 
before readings were made. Similar experiments were performed with the 
other species of leafhoppers previously mentioned. 

It is further evident from data shown in tables 4 and o that the incuba¬ 
tion period of the virus in the leafhopper, if such exists, is less than 4 days. 

Table 6 summarizes the transmission of tlie IMerce’s disease virus from 
diseased to healthy grape, and from diseased to Jiealthy alfalfa, together with 
intertraiismissions betAveen grape and alfalfa. The results reported in this 
table include transmissions Avith naturally A'iruliferous and naturally mui- 

TAULE 6 . — Trntnimiasion of the virus fnnn disf asrd grape and alfalfa plants Lo 
litaUhy grape and alfalfa plants hg four sperirs of firld-rolh efrd leaf hopper s<^ 



Traiisniissioiis from diseased 
grape 

Transmissions from diseas(‘d 
alf:ilfa 


To healthy 
grape ' 

To healthy 
alfalfa* . 

'To healthy 
grape ‘ 

To healthy 
alfalfa 

Species of 

No. of 


No. of 

No. of 

N<», of 

leafhopper 

plants 


plants 

plants 

jdants 


.. 

Per 

Per 

Per 

- . 1 


V 

cent 

•g c<*nt 

V ('«*nt 

■s 


^ r; 

CJ c- 

intVc- 

-J: ^ in foe¬ 

-g T iafec- 

a "S 


C 

tion 

's X tion 

c O/ 

o 

's "5 tion 

O V- 

c s 

t— 

'3 Z tion 

0 

a a 

( 1-4 


Draeciilaccphala 


mintrva 

118 

67 

56.7 

98 

50 

51.n 

115 7S 

f»7..S 

»'»04 

442 

S7.7 

CarneoerphaJa 

fulgida 

69 

41 

59.4 

95 

40 

42.1 

42 30 

71.4 

112 

69 

61.6 

Hclochara 
delta . 

61 

34 

55.7 

75 

.37 

49.3 

73 42 

.57.5 

115 

71 

6.1.7 

Neokolla 

circellata 

159 

1 

76.7 

97 

54 

55,C 

73 53 

72.6 

62 

35 

56.4 


a A cornpo.site of results of tfsts niuao from UKtU throii;,'h 

viruliferous leafhoppers, conducted from 193!i through 1943. In all these 
tests, whercATr transmission was obtained the gra]>e manifested Pierce’s dis¬ 
ease, and the alfalfa shoAved symptoms 1yj)ical of dAvarf. Tlie data shoAv 
that only one virus is associated with Pierce’s disease of grape and (hvarf of 
alfalfa. 

In completing these traji.smis.sion studie.s, many (MilJectioiis of the four 
species of leafhoppers Avere made in areas thought least apt to c<mtain natu¬ 
rally viriiliferoiis jjopiilations. To run natural iiifcctivity tests witlj each 
small lot of IcafliopjKu- veetoi’s use<i would have consumed large numbers of 
plants. Therefore, in order to obtain a measui'e of the number's earrying the 
virus, natural infectivity tests Avere made, Avith only I'andom samples fi’om 
each field eolleetion (Table 7). Aecoj'ding to table 7 and also tallies 1 and 2. 
the 3 species of h‘afhoppei’s Dmf culacf pJiala mint rra, Ilelnchnra (hlfa^ and 
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Carnvocephala fulgida did to some extent carry the virus naturally under 
field conditions. Wlien, however, a comparison is made with the lii^h per- 
centajres of Iransiiiissions obtained after feeding these leafhoppers on dis¬ 
eased plants, one can reasonably assume that the possible numbers of natu¬ 
rally viruliferous leafhoppers used in the transmissions reported added but 
little to the error in the results. 

With the species Nrnknila cIrrMala, 59 per cent of the lots tested proved 
to con lain naturally inreclive Jeafhopi)ers. This higrh percentage adds con- 

TAHLK 7- Hetiults of irilh random samph s from coUeciions of four species of 
leafhoppers made io determine whether cfrtani populations used in transmission trials 
were naturalhf infcct,ivc>^ 


Spc^icH of 

Total number 
of Icaf- 
lioppcrs in 
all collections 

No. of lots 
tested 

Xo. of lots 
naturally 
infective 

Per cent 
of lots 
naturally 
infective 

Drneeulaeephala minerva 

(i.aoo 

3S 

5 

13 

Canit ovephala f nh/ida 

.'UH.AO 

28 

1 

4 

Uelocharu dtifa 

2,0U0 

13 

1 

8 

^[eol'nlfa vireetlvta 

3,08.> 

80 

47 

59 


N.'il-urally iiitVotivi.* nirans th:it the lot tested contained one or more viruliferous 
iiidi\idiials ^\h('n collecti'd. 

siderab](' ei’ror to the results obtained with transmissions from a known virus 
sourc(‘ with this sixndos, exce[)t with lots previously proved not to be natu¬ 
rally infective. 

summary and CONCLT^SIONS 

Tlie distribution and s])rea(I of alfalfa dAvarf suggested transmission of 
the virus by insects. 

Four s])ecies of leaflioppers -minerva Ball, Cameo- 
efj)hala fulgida Xott., llfluchara delta Oman, and Ncfd'olla circcllata 
(liaker)—wei'c found that would transmit tlie alfalfa-dwarf virus from dis¬ 
eased to healthy plants. 

The di >t ribution of grapevines afl'eeted with Piercers disease followed 
two general patterns: first, di.seascd vines irregularly scattered over the 
viiu'yard ; se<-oud, diseas(‘d vim*s e(»ueentrated iii small areas. Both types of 
distribution indit-ated that insoets s])read the virus. 

The grouping of diseased vines under ins(‘ct light traps added convincing 
evideiu'c that tin* virus of Pierce's disease Avas transmitted by insects. Col¬ 
lections (»f insects made umhu* the traps and compared Avith those made at 
some distauc(‘ from the traps provided a valuable clue to the identity of the 
insects iiivolveil. 

The same four species of l(‘afhoppers that transmitted the alfalfa dwarf 
virus Avere at the same time proved eajiable of transmitting the virus of 
Piere(*'s disease. 

l^ieree's diseas(‘ Avas usually more prevalent in vineyards of districts 
whor(* considerable alfalfa Avas groAvn and in ]K>rtions of vineyards adjacent 
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to alfalfa. Under such conditions the alfalfa fields Averc usually found 
infested with dwarf. 

Boot pieces from diseased g:rapevines inserted into the roots of alfalfa 
plants apparently transmitted the virus in 12 out of 35 trials, but root pieces 
from alfalfa similarly inserted in the stems of rooted jrrape cuttinjrs did not 
transmit the virus to {grapevines. 

Naturally viruliferous field-collected leaflioppers of Draeculacephula 
minerva, Carmoccphala fulgida, Helochara delta, ajid Neokolla rirerllata 
transmitted to healthy alfalfa and {?rape plants a virus producin«r, respec¬ 
tively, dwarf and Pierce’s disease. 

The incubation period of the virus in tlie leafhoi)per D. minerva is less 
than 4 days. 

Naturally nonviruliferous field-collected leafhopi)ers of the same four 
species transmitted the virus of Pierce’s disease from diseased {^rape's to 
healthy alfalfa and {rrape and from diseased alfalfa to healthy alfalfa and 
grape. 

The majority of field collections of DraevnlaeiphaUi mimraa, Carncth 
ccphala fulgida, and Helochara delta weiit* nonviruliferous, whereas 5!.! per 
cent of the lots of Neokolla enrellata tested were tiaturally viruliferous. 

According to the intertransmission experiments, tin* virus that causes 
Pierce’s disease of grapes.also (muses dwarf ot‘ alfalfa, 
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ELECTROPHORETIC STUDIES WITH THE PLANT VIRUSES' 

Vernon L. Framptonh ani> WiiiLiAM N. Takauashis 
(Aecopted for publication August 14, 1945) 

Any seheiiie for the ultimate diagnosis of virus diseases in plants, or the 
identification of tiie viruses must, of necessity, involve the specific physical 
and chemical properties of the viruses themselves, in much the manner that 
the identification of bacteria involves their physiological behavior. Several 
means of testing for the presence of viruses in plants which have been sug¬ 
gested, oilier than that of testing the infectivity of the preparations, and 
wlii(‘li are liased on the qualitative or quasi quantitative observations of the 
intensity of the action of oxidizing enzymes in plant extracts, on the determi¬ 
nations of (juanlities of ascorbic acid, glutathione, or plant pigments or 
similar products of plant metabolism in the plant sap, or on the accumula¬ 
tion and translocation of carbohydrates, or the nitrogen distribution in the 
plants, are of litih* value lieeause th(\se several tests are not specific for either 
the viruses or for the ])roducis of metabolism which are specific to any one of 
the virus diseases. Jn geiu'ral, the color reactions with viruses and with pro¬ 
teins ar(‘ so similar that differences in intensity of the r(*actions are extremely 
diffi(*ult to obs<n‘ve, and it is impossible by this mt*ans to distinguish one pro¬ 
tein or virus from another. The picture relative to siiecific products of 
metabolism in the instances of the several viruses is obscure indeed, and at¬ 
tempts to correlate virus diseases with the diverse products of plant metab¬ 
olism are entirely empirical. 

There arc, liowev(*r, physi(*al and chemical properties of the viruses and 
proteins--specifically, their eleetrokinetic pro})erties—associated directly 
with the (juality, ijuantity, and relative ])ositi()ns of the amino acids and 
other reactive units involv<*d in virus and protein architecture, which may be 
made use of in diagnosis and identification. It is well known that colloidal 
])articles v.il! move through a fluid under the influence of an electric field. 
This migration js obtained by virtue of the electrostatic charges carried by 
the particles, and the (diarge in the surfaces of tliese particles is produced 
either through ionic adsorption or through ionization of the material making 
up the colloidal particle, (u* both. With proteim and with viruses the electro¬ 
static charge's ill the surfaces of these entities are due to the ionization of the 
acidic and basic groups present, and the intensity of the net charge, resulting 
from the ionization, is related ilireetly to the relative number of these active 
groups, as well as to the degree of their ionization, which in turn is a reflec¬ 
tion of the anddtecture of the particles in question. The viruses and pro- 

J This rosoarrh has U'rminatcHl. The authors deeply regret that only an incom¬ 
plete report may ])c made. Submitted nocember 17, 1944. 

2 Formerly in Doj>artment of JMaiit Pathology, Cornell University, Ithaca, N, Y. 
Present address, Research llivisioii. National Cotton Council of America, University of 
Texas, Austin, Texas. 

On leave of absi'uce from the Department of Plant Pathology, University of Cali¬ 
fornia. 
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teins are aniphoterie, and tlie ina{?nitiide of the eleetroslalii.* eharj^e carried 
by the particles or inoleeiiles is a function of the hydro<ren ion activity in the 
solution in whicJi they are dispersed; there is a spt‘eifie pII-niol)ility behavior 
for each species of protein iiioleenle or virus ]>artiele. 

Given an aqueous protein solution j)laced in contact Avith the pure solvent 
in such a manner that there is a discontinuity in the physical ])i-operties at 
the interface, there Avill la* generally, under electrophoresis, a ini<rration of 
the rej^ion of discontinuity, or boundary, between the solution and sol¬ 
vent. The velocity of mijrration of the boundary will be chai*acteristic of the 
protein in (|uestion, subject to the definition of conditions of ])II, ionic con¬ 
centration, temi^erature, viscosity of the solvent, and to the potential pfradi- 
ent. With a solution made up of two proteins there will la* generally a 
boundary, or migration front, for each of the proteins. With a mixture of 
several proteins, there will be jrenerally a boundary for each protein j)resent 
in the mixture. These several mijrration fronts may be detected optically, 
and from such a study information may be obtained concerning the number 
of electrophoretically seimrable componerus in tin* mixtnn*, the dej^ree of 
electrical homogeneity of any comj)onent,Smd the con(*cntration of any one 
of the components in the mixture. Where the components are sejiarable, the 
pH-mobility behavior of each may be determintMl. Tt is also ]>ossible to iso¬ 
late the individual comj)onents of such a mixture by electrophm'esis. 

The hyp thesis Avhitdi forms the basis of thesf‘ stmlic‘s is tliat with the 
extracts fro* ints infected with the virus(*s there will b(‘ s}K‘(*ific migration 
fronts representative of the virns(*s involved, and that the viriisi's may hv 
identified from tlieir migration velocities nmhn* conditions defined with 
respec't to pIT. (*)ectrolyte concentration, and pni»*iitial irradient. 

MKTllODS 

The electroplioretic t*xpcriinents were carrieil out in a l>-tnln* with a 
rectangular cross setdion, as designed by Tisclins (10) to etfecd rnaxiiimm 
transfer to the liath of lieat generated by tbc current passing throiiLdi tin* 
U-tubc. Analysis of tlie migration fronis was obtained Ijy use* of the adapta¬ 
tion by Lamm (4) and Toejiicr (11; of the d(‘vicc Foncaiilt nse<l as a means 
of accurately testing lenses for chromatic and sj)hci-ica] ah(*rralions, toM-ether 
with the scanning earneT’a designed by liongsworth (o). 

The optical scheme, as ilhistrate^l in figure 1, for the analysis of the 
migration fronts is based on tlm refraction of light passiiiL" through tlic inter¬ 
face betAveen the solution and the soKent. The T-tube (10) in which tlu' 
determhiations were carried out is arranged in sections so that tin* filling 
may be effeeded leaving a very sharp interfa<*e between the stdvent and solu¬ 
tion, and no difficulty is experienced in observing initially tlie discontinuity 
in the physical profierties at the interfaeo. Tlu* interfaee becomes diffuse in 
time, due in part to diffusion. L is the .source of illnminaliori. S is a hori¬ 
zontal .slit about 1 mm. Avide. The lens, 1), wliieb in the instance of the 
apparatus assembled at Cornell TTniversity Avas 4.0 indies in diaimder and 
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had a focal length of 23 inches, forms the image of the slit S at the point P. 
E is one arm of the ele(*trophoresis cell, and the region designated as A is the 
region between the solution m (plant extract in our case) and the buffer b. 
O is the camera objective, having a focal length of 23 inches/ and the camera 
is focused on th(‘ cell E. Under ordinary conditions all the light from the 
slit S, w'hich is focused at the point P, enters the camera, and a clear image 
of the cell is formed on the photographic plate C. If there is a region in the 
cell where there is a continuous change in the index ot' refraction, as would 
be the case after the establishment of a concentration gradient, the light 
passing through tliat region will be refracted downward in a continuous 
maniKT through tlie width of the U-tube, because with each increment of 
distance trav(*lcd by the light beam through the region A, it enters a region 
of greater and gre^ater refractive index. Cons(‘(piently, the pencil of light 
])assing through the region A will be focused at the point P' rather than at 
P. If the refraction is m^t too great, the light focused at P' will still enter 
the camera objective*, and the image of the entire cell will be formed on the 
photographic plate. If, however, a knife edge Q is placed in a position im- 



E 


Fuj. 1. SchcinntiL* dingrain uf tli«‘ eloctropliorcsis apparatus. 

mediately below P. hnt above P', the pencil of light focused at P' wdll not 
enter the camera objective, and there will he an nnex]>osed area on the photo¬ 
graphic |)lat<* corrcsjionding to tlie region A in the electrophoresis cell. This 
will be true for each region in the cell where there is a variation of the index 
of refraction with height, that is, for each migration front. 

The variation of the index of refraction with lieight in the region A is 
not ahruf)t if there has he(*n a lapse of time. The curve obtained by plotting 
the index ol refraction against the height of tlie cell will be S-shaped in the 
region of A, and the rate of change of refractive index wdth height will be 
a maximnm in the center of the S. The pencil of light passing through this 
particular region will lx* refracted most, as indicated in figure 1. If the 
knife edge Q is iiiov(‘d vertically, the shadow' on the photographic plate will 
first be only a thin line, corresponding to the center of the region A, but the 
shadow’ will widen as the knife edge approaches P; wdien the knife edge has 
reached P, the shadow* will correspond in wddth to tlie entire region A in the 
electrophoresis cell. 

Tlie rear of tlie camera is arranged as indicated in figure 2, w^here K is a 
vertical slit about 1 mm. wide. One arm of the tube is brought to a focus 
on one slit, the other being masked, and the exposed area of the plate corre- 

Appruxiinato unit maguifioation of the coll is dosirod, and a long optical lover be- 
twcoii the points E and O is desired in order to make the instrument sensitive to small 
changes in index of refraction in the cell. 
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Fig. 2. Slits on tho n'ar cainora j)latc. 

spends to the area of the slit. Successive exposures of a jilate at different 
positions aloiijr the rear of the camera, Avith the knife edj^e set proj^ressivcly 
higher and liigher witli each exposure, results in a jiatterii of the type indi¬ 
cated in figure 3. Experimentally, the movement of the photographic plate 
is synchronized Avith the movement of the knife edge so that a continuous 
pattern is formed. These are the “scanning'^ patterns presented in this 
communication. 

The concentration of each component in a mixturt‘ is proportional to the 
area of its shadoAv in the patt(Tn on the photographic jilate. It is also proba¬ 
ble that there is a relation between the slenderness t)f the shadow, or peak, 
and the diffusion constant of the component. 

Magnification of the image of the <m‘ 11 on the jdiotographic plate was 1.3. 
The distance from the camei'a objectiA^e to the center of the cell Avas 42 im*hes, 
and from the center of the cell to the lens T) Avas 11 inches. The photo¬ 
graphic plate traveled 7,5 times fa.ster than the knife edge Q. 

The difficulty Avith electrophoresis of plant mat<Tial hits been in tlie 
preparation of the sample. Usually there is much pigment and suspended 
colloidal material in the extracts, which makes the photography tliffivult, and 
generallj^ the concentrations of the components in the plant saps are too low 
for satisfactory scanning. It has been found useful in the prej)aration ot 
the samples for electrophoresis to cytolyze the leaves Avith ether (1) initially. 
After cytoh'sis the vacuolar sap AViis pres.sed out with a hydraulic press and 
discarded. Tlie vacuolar sap contains very little protein, and in tests Avith 



Fig. 3, Scaimiag pattern built up by successive exposures after alteration of tb* 
height of the knife edge and the position of the plate liolder. 
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plants infected with tobacco mosaic vims, it was found to contain little or no 
virus. The discarded saj) does carry much pi<rment, however, as well as 
substrate for oxidiziujr enzymes. The pressed material was then washed 
with water several times, and after each washing: the excess water was 
pn^ssed out with the jiress. These washings do not affect the character of the 
scannin;^^ patterns obtained with the healthy tobacco plant, but they do effect 
the removal of additional pijrment. In some determinations the pressed and 
washed material was frround in a Warinj? blender in the presence of buffer. 
In these instances concentration of the extractable proteins ^vas obtained by 
reusinj^ the same buffer with successive portions of leaf material, so that 
about 100 cc. of buffer were used in extractinjr 600 ‘Trains of leaves. Further 
coin*entration was obtained by placinj** the extract in cellojihaiie tubing and 
hanfrin^' it before a fan. It has been found, however, that more efficient ex¬ 
traction may be obtained by ‘rrindiiijr* the pressed leaf material in a food 
(‘hopp(M- ajid extra(*tin<T it subsecpiently with the buffer. An observation 
which has been of si^niific^aiu'e in these studies is that tlie intensity of piCTi^^n- 
tation in the extra«'ts, and the amount of susjiended material that will not 
sediment in the centrifim'c, is related to the ajre of the ]^lant. Best results are 
obtained with y(Min”' plants. With reference to the extracts alluded to 
above, tiiey were centrifuged at 3,()00 r.p.m. to remove plant debris, and tlnm 
dialyzed against 2 liters of 0.1 M phosphate buffer at 4*^ (\ for a minimum of 
IH hours. This sam<‘ l»uffer was used as the solvent /), as shown in fijrure 1. 
After the dial\sis was com|)lete, the extra<'ts were centrifuged at 16,000- 
20,000 r.p.m. for 3 o miuiites, in order to remove ])lastids and other bodies, 
bt*f(u*(* electI’oplun’esis determinations were mad(‘. 

The potato tubers were grouiul in the Waring blender in the presence of 
0.10 ^1 phosphate l)uffer at pH T.o, together witli a trace of K(^X, and then 
the slurj*y was eentrifuged at about 3,000 r.}>.m. for about 15 minutes. The 
.Mipei'uataut li<piid was added to an ecpial volume of a saturated solution of 
ammouiinu sul|»hate, and was again centrifuged. This .secoiul sui)ernatant 
]i(piid was dis(*arde(l, the pn‘ei])itate was taken ut) in 0.10 M phos])hate 
buffer, and dialy/ed against the same buffer for about IS hours. The solution 
was then eentrifuged at 16.000-25,000 r.p.m. for 3-5 minutes before the 
(d<M'troplioresis determiuatitms were made. 

These ])repaiations were never free from pigment and suspended matter, 
and it was nei'es.sarv in most eases to resort to infra-red jihotography. 

EXPEKIME.N^rAL RESULTS 

Tlie scanning patterns for both the ascending and descending'’ fronts in 
the F-tube for leaf extracts from healthy Turkish tobacco plants, at j)H 7.5, 
are presenttal in figure 4, a and b. The time for electrophoresis was 30 and 
60 minutes r(‘speclively. The indications are that there are only 3 protein 

Tl)c plmit 8jip iH in the Lottoni of the U“tul>o. Siiu-o the solute migrates iu tlie 
electrie fieUl, one bound.-irv moves up ami the other moves down. These migration fronts 
are the ascending and dc'seending migration fronts. The arrows in each tigure indicate 
the din'rtion of mignition. 
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eoliiiKmcnts extracted by the methods used, althouijh it is })robable that there 
are actnalJy three jjrroups of proteins, none of wliicli lias been resoJ\ ed elec- 
trophoretically under tlie conditions used. The velocity ot* migration (all 
velo(‘ities re])orted are for the descending boundaries) of coin])onenl A was 
0.83x10** cm./sec./voJt/cm., that of component B was 2.1 x 10 * cm. sec./ 
volt/cm., and that of comixment (/ was 5.2 x 10 ** cm./sec./volt, cm. 

The jiatterns witli the healthy tobacco plant arc not affected with the a<ie 
ol* the plant up to at least three months. 

The patterns obtained with tobacco plants five days after ino(*ulation 
M-ith tobacco mosaic virus, and at a time when no symptoms w('re t»vident, 
were identical with those shown in fijrure 4, a and b. Nine days after inocu¬ 
lation vein clearing; was evident in the leaves, and the patterns obtained with 
leaves harvested at this time are presented in fi<.rure 4, (\ These data are 
for 30 minutes of electrophoresis, and the buffer used was identical with that 
used for the h(‘althy plants. (Vuuponents A, B, and (■ present in the extracts 
from the nine-day-diseased plants were identified by their mi^^ration veloci¬ 
ties as beiiip: identical with the corresponding cpmponents in the (‘xti*a«'ts 
from the healthy plants. Com|)onent V, mi»Tatiii*r with a vehxuty of 3.ft ■ 
.10 ** cm. sec./volt/cm., is new, and it is believed to be the viiais. 

Marked symptoms were evident in the tobacco j)lants fifteen days after 
inoculation. The patterns obtained with these severely diseased plants arc 
presented in fijrure 4, d. Time for electrophoresis was 30 minutes, and the 
same buffer was used as in tlie determinations previously discussed. Com¬ 
ponents A and B were present in the extra<‘ts, as evidenced from the shadows 
in the scanninji: patterns, but component V had become overwht*lminj»l\ pre¬ 
dominant. The method of extraidion precludes ])recise tletei-mination of the 
concentrations of the several (Muiiponents in (*ith(*r healthy or diseased plants, 
but after dealing with many samples tin* authors beli(*ve that there is no sub¬ 
stantial change in the concent rations of the comi)ouents A, B, and C with the 
development of the disease in tlie tobacco })lants. The ])atterns shown in 
fip:ure 4, d, were obtained with much more <lilute (‘xti*acts than those in either 
a, b, or c of fifrure 4, ajid in more concentrated preparations, (‘videjice has 
been obtained that comi)onent C is also present. 

Tlie evidence that the Jiormal ])rotein com])oneiits iii the extra<*ts are not 
materially altered by the development of the disease is supi)oi*ted by tin* data 
obtained by serolo{?ical methods (8), since antibodies enjieiulerc'd in experi¬ 
mental animals with sap from tobacco plants infected with tobacco mosaic 
virus are precijiitated by sap from healthy tobacc'o jilants. 

The reasons'for believiiifr that component V is the virus are three-fold, 
namely, the component is ])resent only in the infeided ])lants and imu'eases 
in quantity as the disease projrresses, the area of the shadow on the idioto- 
"rajdiic plate caused by this component is juore than thirteen times the com¬ 
bined areas induced by the other components in th(‘ extracts (9), and the 
slenderness of the peaks is sufrj 2 :estive of a subslaiuie with a small diffusion 
constant (2, 3, 7). 
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The (|uesti()u may be raised rofrardinj? the eompleteiiess with which the 
virus may have invaded the plants after fifteen days, and the possibility may 
be suggested that the patterns shown in fij^ure 4, d, were obtained with a 
mixture of diseased and healthy tissue. An atteinj)! was made to answer this 
question. The severely diseased i)lants were eiit back and two shoots from 
each were permitted to {^row, as it was believed that in this manner leaf 
material mijjht be developed under conditions where the opportunity for 



Fkj. 5. Si'jiniiini; psittcrns for to]»nofo loaves iiifootod with -lohiisoii’s oiicunibor 
inosaio. No. 1 (a) and with J’rioo’s iiidirator strain of moninlx'r Jiiosaic* No. 1 (h). Both 
arc at pH 7.5. 


sy stematic infection was maximum. Th(‘se .shoots were harvested after two 
weeks and the seannin*^ patterns determined. Th(\v wen* identical with 
those presented in figure 4, d. 

The abnormalities in the scanning patterns obtained with plants infected 
with other viruses are not .so s])ectacular as those obtained with tobacco 
plants ijifected with tobacco mo.saic virus. The |)atterns obtained with ex¬ 
tracts from tobaci'o plants infected with potato X virus, which was obtained 
from ])otatoes, variety Gj-een Mountain, are presented in figure 4, f. The.se 
data were obtained at pH 7.5. Time for electrophon^sis was 60 minutes. 
Ill C50mparing these jiatterns with those obtained Avith the healthy plant, it 
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^vill be noted that the component A in these disc»Hsed plant extracts was pres¬ 
ent in a jrrc'ater relative concentration tiian the correspond in «r component in 
the extract from the lu^althy plants. Its mijrration rate, at pll 7.5, was 
greater than that of the normal component A in figure. 4, a and b. Compo¬ 
nent B, however, is the normal protinn \\ in a and b of fi»rnre 4. The sus- 
l^icion is that the normal component A and the X virus in the extracts are 
mi^ratinj^ with the same velocity under these conditions with respect to pH 
and elcidrolyte concentration. An attem])t to separate, ele(dr()phoreticalh% 
the normal component A and the X virus by alteration of the pH of the 
bntfer was without succfcss. The i)atterns obtained at pH 7.9 are presented 
in figure 4, while those* obtained at pH 6.25 are presented in fijrnre 4, h. 
The patterns obtained with the healthy tobacco plant at pH 6.25 are pre- 
sent(‘d in figure 4, e. A printable ])hoto^ra})h for the patterns for the 
h(*althy plants at ])H 7.9 is unavailable, but the pattcTiis for the healthy 
I)lant as shown in a and b of tijrnre 4 may serve as a control, since the -f 0.4 
1)11 chaiif^e eans(*d but little alteration in the ireneral shape of the pattern. 
The fate of component C had not bc^en determined at the time the researcdi 
was terminated. 

The m<'st reasonable interpretation of these data, with ref(*rence to com- 
])onent A, is that the virus has (*ombinetl with the normal pro^tein particles, 
inipartii <r to them an altenul ele(drophoretic mobility. This phenomenon is 
not nnconimon with proteins (6). 

The patterns obtained with extracts from tobacco plants infected with 
the ])otato Y mosaic are i)reseiited in fi<rure 4, i and j. The time for electro¬ 
phoresis was 30 and 60 minutes; the pH was 7.5. No opportunity was 
afforded for an attempt at separation of comi)onent A and the'Y virus. 

James Johnson’s cucumber mosaic No. was transferred to tobacco 
])lants and after .symptoms were well develoi)ed the plants were harvested 
and the scanniiifr patterns (fijrure 5, a) were determined with the extracts 
from the diseased l(*aves. Phosphate buffer was used, at pH 7.5. (^>mpo- 

nents A and B a?’e the normal tobacco-leaf proteins. The rapidly movin^ 
component apjiarent in the asi'endiiijr arm of llie U-tiibe has not been identi¬ 
fied, and the fate of comi)onent (’ was not ascertained. 

Price’s indicator strain of cucumber mosaic No. V was likewise trans¬ 
ferred to tobacco ])lants, and the scanning: j)atterns were determined with 
tilt* diseased leaves, which were harvested aftei the symptoms in the plant 
were well develojml. The data are presented in fij^ure 5, b. Components A, 
B, and C are the normal tobacco-leaf proteins. The abnormal component at 
the head of tin* arrow mijrrated with a velocity of 4.0 x 10 ** cm./sec./volt cm. 

The patterns obtained with leaf extracts with the healthy pea bean, vari¬ 
ety Otenashi, are fUTsented in fijrure 6, a, whereas the patterns obtained with 
extracts from bean leaves infected with Zauineyer’s bean virus No. 4' are pre¬ 
sented in fif*:ure 6, b. (’omjiojients A and B in the two .scaniiinjr patterns 
migrated with velocities of -0.25x10^ cm./sec./'volt/cmi. and ^ 1.9 x 10~^ 

Kindly given to us l>y Dr. H. M. Muiigor. 

" Kindly given to ns by Dr. B. L. Kiebards, .Tr. 




KKjI. (->. Scjiini'ni^ patttM'iis for luMlthy pon bcjni (;i) ;nMl for ]»c;i berm lerives infeeted 
Znuinever's berni virus N(*. 4 (!»)- Hotli ore sit pi! T.o, 

cm./sec.^ volt eiii. respoetivoly, find vonipoiient V in figure (), ib iui}j:ratocl 
\villi a velovily of 0.90 n 10 ^ vin. 's(‘e. - vo-t ('in. 

Tlie patterns obtained at pll 7.5 with virus-free imtato tnbers are pre- 
s(nit(^t in These [latterns are not infliieneiMl by tin* time of stor- 

ajre ot' the tnbers, and tjun' are tlie same for all the virns-five tubers we 
worked witli. Field-b^'rown inl.ers pres(*nt eom|)li('ations whi(‘h liave not bcnm 
resolved, sinee most viruses with whieli they may beeome inf(‘eted will remain 
ill the stoi'k, and these tnbers, althon^h th<\v may ap])ear healthy, frecpiently 
earry more than one virus. Patterns obtained with (Jreen Mountain and 
(\.)bbler varieties of ]>otatoes whieh were re])uted to l)e h(*althy are ])resented 
in fij^ure 7, b and e, respeetively. The opportunity has not b(H*n avaiJabh* 
for the eharaetei'i/ation of tlie two additional eomponents whieh are obvi¬ 
ously present in the extraets, bnt it is suspeeted that one of them is the X 
mosaie. 



Vjg. 7. Scrniuiijg patterns for lieriUliy jiotuto tubers (.■»), for fiebl-^rowii I.uIkm's of 
ilrccn Mouiitoiii i)otato (b), uiid for iieJd ffrown tubers of (‘obblcT potnto (e). All are 
iit ])Tl 7.5. 
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DISCUSSION 

(^msiclerecl Troin th(^ point of view of control of plant viruses, tlie initial 
concern sliould be, of (*oiirse, with a general sclieiiie for the diapfiiosis of 
virus diseases and the ])ositive identification of the viruses. Ultimately, how¬ 
ever, the control will be obtained throufrh breediii}; profrrams based on a 
thorou<*:h understandiiif; of the nature of resistance of plants to virus dis¬ 
eases and of tlie mechanism of immunity. There can be no (juestion but that 
the key to that iinderstandinj*: will be in the dynamics of the leaf proteins, 
and it will be found throujrh the employment of chemical science; the chem¬ 
istry of the leaf proteins and plant protein metabolism are fundamental to 
the i)roblem, and one cannot expect substantial j)ro^ress in the control of 
th(*s<' diseases by em])loyin^ the empirical nudhods of the “practical’’ 
imtholojrist. 

Our ijivesti^mtions had not reached the point where mixtures of viruses 
w(*re involved whe]i the investi<ration was teimiinated, but with each of the 
readily sap-transmissible viruses worked with, the patterns obtained are dis- 
tiiK'tive. In no (-ase can it b(‘ said that the abnormal components in the 
se\'e!‘al [)Iant sa])s have been established as the respective virus components 
concerned, but the presumptive evidence that such is the ('ase is strong^. 
Th(M‘(‘ is every reason to believe that the scheme used herewith may be used 
^►•enerall> in <lia^niosis ol* virus diseases in f)lan1s and for the j)ositive identi¬ 
fication of viruses in infect(‘<l ])lants. Then* arc, however, technical diffi- 
('ullies which must be resolved. 

Th(‘ m(‘thods available for the extraction of leaf proteins are far from 
satisfactory, and the total quantity of ])roteiii extracted in any case is only 
a fracfioti of the total leaf [)rotein. Those normal leaf proteins which liave 
been extracted are difficult to handle; none of them have ever been crystal¬ 
lized as they do not lend thiunselves readily to manipulation. Uoncerninp: 
tin* methods oT extraction, tin* use of ether for cytoiysis aj>pears to yield 
the b(*st results for extrac*tion in jieneral, but, althoufJ:h ether appears to 
have no effect on the extractable proteins from the healthy tobacco plant, 
little is kiiv^wM r(*frardin<r its effects on other ])lant proteins, nor is it known 
v'hat inlbieiK'c* it may have on the viruses. As has been indicated, tlie great 
virtue with tin* use of ether is in the elimination of much pigment, and, with 
the elimijiation of the vacuolar sap, a substantial coin^entration of the ex- 
tracdable ])roteins is obtained. The extraction of leaf proteins with solutions 
of electrolytes, witli the exception of the dilute buffer solutions, has been 
negh'cted. and the same is true witli res])ect to dilute acids and bases. The 
use of the Waring blemb*r has no influence on the patterns obtained with the 
healthy tobacco plant, tobacco plants infected with tobacco mosaic virus, or 
with the virus-free i)otato tubers, but the possible influence of the blender 
on the surface denaturation of extractable proteins from other idants has 
not been ascertained. 

These remarks regai'ding i)rob]ems involved with reference to the leaf 
proteins apply to the viruses. Virtually nothing is known regarding the 
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physical and clieniical pr()i)orties of the viruses. With the exception of the 
few which have been isolated, very little may be said concerninjjr the condi¬ 
tions under which they become soluble; their t(*ndencies to become adsorbed 
on inert surfaces, such as cell debris ]>roduced durinjr extraction; the ease 
with which 1hey become denatured; their chemical reactivities or composi¬ 
tion; their relative concentrations in the plant saps; and nothing is hnown 
regarding the role they may play in the prodmdion of disease. 

The efforts to obtain scanning patterns have been limit(‘d in this study 
to a few of the viruses whi(*h are readily sap-transmissible. N() attempt Jias 
been made to work with viruses which are not readily sa])-ti*ansmissible or 
with the viriferous or nonviriferous insects known to be vectors of the 
viruses. No opportunity has been available for (*onsid<*ration of set‘ds in¬ 
fected with seed transmissible viruses. 

Two suggestions are offered in conclusion. In tin* first jdacc the ])H- 
mobility curves of the viruses should be determined in so far as it is possible 
to do so—and many of these data may be obtained without the isolation of 
the viruses in (|uestion- -as these data will be of considerable value in any 
sound scheme for the classification of the viruses, since the mobility be¬ 
haviors are related spe<‘ifi(‘ally to their chemical com])osition and stru(*tur(‘. 
The second suggestion comes from the observation that the patterns pro¬ 
duced by plants belonging to the same genus have remarkably similar pat¬ 
terns. It would be worth while to determine the degree of similarity in the 
several genera. 

SUMMARY 

1. The moving boiuidary method of electroi)hor(‘sis has been outlined. 

2. Specifii* scanning patterns have been c»btained for the extracts of 
healthy toba(*co ])lants and for tobaeco i)lants inserted with tobacco-mosaic 
virus, with the potato X and potato Y viruses, with James Johnsoirs cucum¬ 
ber mosaic No. 1, and with Price's indi<'ator sdrain of cucumber mosaic No. 1. 
These patterns are not identical. 

3. SpCidfic scanning j)atterns have been obtaijied for healthy ])ea beans, 
variety Ottmashi, and for the pen bean infected with Zaumeyer’s bean vii-us 
No. 4. 

4. Extracts from healthy tobacco plants contain three i)roteins, and their 
concentrations and nature are not affected by the develoj)ment of tobacco 
mosaic in the plant. Th(» apj)earance of the abnormality in the scanning 
f)attern obtained with tobacco plants infected with tobacco mosaic virus is 
correlated in time with the appearance of symptoms in the plant. 

5. Two proteins are found in the extracts of the healthy pen bean. 

6. The scanning ]mtt(*rns obtained with |)otato tubers (virus-fre<‘ from 
virus-free seedlings) are the same from seedling to seedling, and are not 
influenced by the time of storage. Patterns from apparently healthy field- 
grown tubers have been observed to have more than one abnormality. 
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TWO LEGUME VIRUSES TRANSMISSIBLE TO TOBACCO^ 

10 . M. Johnson 

for ])iil)lic:itiou AujjiiHt 20, 1945) 

Several virus diseases of alfalfa, Medicayo safira L., and while elover, 
Trif(ilium rvpvns Ij., have been deseribed and named.- ' ’ Most of th(*se 

have a rather wide host ran<*:e amonjr the legumes. Virus diseases of both 
plants oeeur in Kentueky, some of which may be similar to those described. 
Inoculation and physical-f)roperty studies of a virus disease of alfalfa and 
one of white clover, occurrino- in Kentucky, are described in tliis paper. 

ALFALFA VIRUS 

An occasional alfalfa iilant with incons])icuous virus ])att(Tns has been 
seen in a few fields in Kentucky. Affected plants have a few irrejrular, often 
indistinct chlorotic blotches on an occasional otherwise normal leaflet (Eijr. 
1, B). The virus is mechanically transmissibX^ to tobac(*o and se‘veral other 
species, with or without the aid of carborundum, if inoculations are made in 
the greenhouse to actively jrrowin**: younji: plants duriu*^ late fall or early 
sprinjr but not during the summer or winter, possibly because of the (‘ffect 
of a hijxher tiunperature on virus content. The symptoms on various plants 
are described in table 1, and some are illustrated in figure 1, A, B, and I) and 
fijrure 3, x\. Physical projieilies of the virus are ^iven in table 2. 

The alfalfa virus is transmissible from alfalfa to alfalfa by aphids but, 
in these tests, not by mechanical methods ev(‘n when carborundum was used. 
Aphids were collected on alfalfa in the field and |)la(*ed on an alfccted alfalfa 
plant in the jrreenhouse. A f(*w days later thest‘ were removed to 10 dis(*ase- 
free alfalfa seedlinjrs. After several w(‘eks all the alfalfa plants show(‘d 
symptoms typical of the alfalfa mosaic. When inoculations were madt* to 
tobacco with this material, typical symptoms developed. Twelve healthy 
alfalfa seedlinjrs were set out-of-doors in an isolated area on Ai»rii 2. At the 
siime time an alfalfa plant affected with alfalfa virus was set at each end of 
the row. On April 10, apliids were numerous on all plants. In November 
all the alfalfa plants showed typical sym])toius of the alfalfa mosaic. Iikmmi- 
lations, made the followin'; sprinj»* from Ihest* plants to tobacco, resulted in 
typical symptoms of alfalfa mosaic. 

June Pink and Marjrlobe varieties of tomatoes, when inoculated with 
alfalfa virus, develop only small necrotic spots on rub])ed leaflets. When, 
however, tomato cions are frnifted on alfalfa-virus-affected tobacco, the cions 

i The investi^jntiou rojiortod in tins is in connection witli n project of The 

Kentucky Agricnlturnl K.\periment Station and is piiblislied l»y j»ennission of the Director. 

ii.Iohnson, Folke. 'J'he complex nature of wliite clover mosaic. JMiytojjath. 31: 
lO.VlKL 3941. 

■'Pierce, W. IT. A^iruses of the bean. Phytojialh. 24: HT-lirj. 1954. 

Weimer, J. L. Studies on alfalfa mosaic. l*hytopath. 24: 259-247. 1954. 

j Zaumeycr, W. J., and B. L. Wade. The relationshij) of certain legume viruses to 
bean. Join. Agr. Res. |1'.S.| 61: 715-749. 1955. 
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Fkj. 1. A. 1 Jed-clON or Icof nlTcctod witli olfnlfa virus. B. Alfalfa leaf shoNving 
tApical inottliug caused l>y alfalfa virus. (’. Ked-clover leaves affected with Avhite-elovor 
\irus. 1). (hicuiiiher leaves showing mottling and distortion cau.S(‘d by alfalfa virus. All 
leaves from same ])laiit. 

sliow striking* syiiiptoins. Noerotie streaks develop on stems and petioles, 
the leaflets are small and ('rinkled and their margins are rolled downward. 
The leaves curve toward the stem giving the entire cion a dwarfed, bnncdied 
ai)pearanee. 
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Dodder {(Uiscufa sp.), well established on a tobaeeo affected with 

alfalfa virus, was trained to a virus-free cueniubtu* seedlinjr. Four weeks 
later the cneiiinber i)laut developed syinptoins ty])ieal of the virus (Pif?. 
1, D). Inoculations from this (*ucuniber plant to tobat'co resulted in symp¬ 
toms typical of those produced by the alfalfa virus. 

WHITE-rLOVKK VIRUS 

A virus disease of white clover has been st^en for several years in small 
areas in an occasional pasture or lawn. Affected plants have irre«rular, pale 
yellow, mottled areas between the veins on a few to s(»vej*al, otherwise noi'inal 
leaves. The virus is mechanically transmissible to tobacco and a f(‘w other 
plants (Table 1) if inoculations are made in late fall or early sprinjr (Fi^. 
1, C, andPif,^3, B). 



Fig. 2. Whitc-clovcr Iciif affected with the white 

Attempts to infect white-clover plants metdianically with the virus from 
affected white clover, red clover, tobacco, jrarden peas, and •rarden beans 
have been unsuccessful. The virus is transmissible to red clover from any 
of the species mechanically infected with the virus (Fi^^ J, C). Xo studies 
were made on dodder or aphid transmission of this virus. 

COMPARISON OK ALFALFA VIRUS AND \V IllTI'X’LOVFR VIRUS 

Althoupfh, in these studies, the alfalfa virus appears to have a wider host 
ranj*e than the white-clover virus the symiitoms of both appear very much 
alike on plants sus(‘eptible to both viruses. This reseniblam*t‘ is sometimes 
striking: on tobacco plants that have been infected for some time. On red 
clover and garden ])eas the syiufitoms are identical. The diseases resemble 
each other in that symptoms are masked at hi**;!’ tem])eratures. Neither virus 
can be transmitted mechanically, even with the aid of carborundum, when 
tlie temperature is about 80^ F. or above. The ])hysical jiroperties are very 
much alike (Table 2). 

Photogra])hs and descriptions of the alfalfa virus on certain hosts w(‘re 
sent to Dr. AV. J. Zaumeyer, who .states: “The mottlin**; of the alfalfa leaves 
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looks typical of tlie symptoms produced by the common alfalfa mosaic virus, 
but that means little since 1 feel that there are many strains of this virus. 


TABLE 1 .—Means of hansmission of alfalfa and white-clover viruses and the symp¬ 
toms produced in various plants 



Alfalfa viniH 

\Vhite 

(‘lover virus 

lloHt plant 

Means of 
transmission 

Symptoms 

Means of 
transmission 

Symptoms 

Alfalfa, Oriiiini 

A])liids, not 
meclmni- 

C'il 

Systemic mottling 

Not mechani¬ 
cal 


U(mI clovtM-, Ky. 

Unbbin^ 

do 

Rubbing 

Systemic mottling 

in] 

WUiilc clover 

dn 

do 

Not meclmni* 
cal 

Systemic mottling 

Pea, Dwarf 
'^relephoiu* 

do 

Systemic mottling, 
Stem and ]»etioJe 
necrotic streaks, 
Dwarfing, Dis- 
toriioii 

Rubliing 

Systemic mottling, 
Stem and ]»eti()le 
necrotic stnuiks, 
Dwarfing, Dis¬ 
tortion 

Bean, Striunless 
Or(*(*n Uefii^ee 

do 

Necrotic spots on 
rubbed leaves 

do 

Systemic mottling. 
Necrotic s[)ots on 
rulibed leaves 

'robaeeo, Ky. 1<> 

do 

Systemic mottling. 
Necrotic or clilo* 
rotie ring and 
line patterns. 
Dwarfing, Dis¬ 
tortion 

do 

Systemic mottling. 
Dwarfing, Dis¬ 
tortion, Necrotic 
or chlorotic line 
]>atterns 

Tomato, June 

Rubbing, 

Xecrot ic spots on 

Not mechani- 


Bilik and 
Mar^jlobe 

(Jr.'iftin^ 

rubbed leaves. 
Stem and petiole 
necrotic str(‘aks. 
Dwarfing, Dis¬ 
tortion 

cal 


Zinnia, Beiiijx)!! 

Unbiiin^ 

Chlorotic or ne¬ 
crotic spots (Ml 
rubbed leavi's. 
Dwarfing, Dis¬ 
tortion 

do 


Cnfunib(*r, Ltni^ 
(ireeii 

b'libliin;* ; 

1 >odder 

Systemic mottling, 
Chlorotic or m*- 
crotic spots on 
rubbed l(*aves, 

Dwaiting, Dis¬ 
tortion 

do 


Bokew(‘e(l, 

!*hyifdarea 

liiibbin^ 

\i»crotic sjxds on 
rubbed leaves 

do 


omericaua 

J*epp(*r, (Califor¬ 
nia Wonder 

do 

Systemic mottling. 
Necrotic or chlo¬ 
rotic ring and 
line patterns. 
Dwarfing, Dis¬ 
tortion 

do 



. . . Tlio virus wliicli you have is ai)jmreiitl.v a strain of alfalfa mosaic and 
(lilferent Iroiii those which I have dealt with. The ones which 1 published 
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Fig. :{. A. Hurk-y iiffi-rttMl with virus. I>. of liurlrs 1o)»ut ( 

affcetod with wliitc'-clovcr virus. 


TATUiE 2. — f'hifsiral pruprrlus nf alfalfa aini whtif -riort r nnist‘s 


1 *]iy s i ca 1 ] > r(*pert i ( ‘s 

A iralf‘a-\ iriiH iiif*o(*ti<ui 

\\hit»*-(‘lov(' 

r-virus iiit'crtion 


Posit iv(‘ 

Xogatiw 

Posit ivc 

Xogativ(‘ 

Tolor.'iiivt^ toyliluii(ui 

1 : P)d 

1 : r>t»o 

J : KMI 

1 : 500 

Thennul iiiavtivatiori 

oS-' 

( l(» min.) 

(it)- P. 

( 10 inin. ) 

of) < \ 

(1 0 iitiii., 

5S < 

1 (10 min. ) 

l{t‘sist;jJi(M‘ to a^ing in 
vitro at room toni- 
jMuatuiv 

72 hrs. 

9(i hrs. 

!)<» lu's. 

120 hrs. 

Pcsistaiico to drying at 
room tomporatii ro 

if) days 

ao days 

15 days 

‘>0 days 




10461 Johnson: Leoumk Viruses on Tobacco 347 

oil were not infectious to tomato, Jiowever, they did infect tobacco and 
cucuniber but the symptoms on the latter were not as severe as yours. 

The white-clover virus does not aiipear to be the same as F. Johnson’s 
white-clover mosaic. Both viruses of his comi>lex, pea mottle and pea wilt, 
have jjrreater dilution valu(‘s than the Avhite-clover virus herein described and 
they affect neither tobacco nor tomato. From the brief studies reported in 
tliis jiaper, the alfalfa and white-clover viruses, tentatively, may be con¬ 
sidered strains of alfalfa mosaic and related to the alfalfa mosaic virus 
des(*ribed by ZauTm‘\ er and AVade. 

STTMMARV 

A virus disease of alfalfa and one of white clover occiirriiif^ in fields are 
d(*sci*ibed. Althouj^h the two viru.ses have different host ranges they resem¬ 
ble each otlier in syniptomolooy on tobacco, peas, and j*ed clover. Tlie jihysi- 
cal pr()perti(‘s appear very similar. Both ajipear to be .strains of one virus, 
pi'obably the alfalfa mosaic. 

Kkntu('Ky Aork^ttltitral Kxukrument St.ation, 

1 jExiN <;ton , K 1: stv('KY. 



CANKER OP HYBRID POPLAR CLONES IN THE UNITED STATES, 
CAUSED BY SEPTORIA MUSIVA 

Alma M . W a t e it af a n i 
(Accepted for i)ublicution Septt^niber I, 1945) 

In the late summer of 1941, specimens of a brancli and stem canker (Fijr. 
1, A) on clones of hybrid poplars, collected at a plantation of the Soil Con¬ 
servation Service, Attica, New York, and at tlie New York State Nursery, 
Saratoj^a Spring's, New York,* were referred to the writer for examination 
and a determination of the causal orjranisin. The disease Avas reported to be 
prevalent in tliese experimental plantiiifrs on many of the clones of hybrid 
poplars that have been develofied by Schreiner and Stout (10, 11) for pulp- 
wood reforestation. The cankers did iiot resemble tliose (diaracteristic* of the 
common poplar diseases caused by Doth 'whiza popitiva Saci'. and Brian! and 
Cytospora chrysoapcrma Pr., althoujrh mature i)yenidia of Cyfnspora Avere 
present on or surrouiidin*** some of tlie (*anker(nl an*as. S|)orodocliia of a 
species of Fusarium Avere conspicuous on a fcAv of the cankers, but, in a 
superficial examination, no fiinjrus couh* be found consistently in tlie dis¬ 
eased areas. On tAvo of the cankers from tlie Attioa collection a few small 
black iiyenidia containinjr hyaline, mirved, scjilate sjmres sujrjrcstive of a 
Septoria Avere present. TJie same funjrus Avas obtained also in tissue cultures 
from a number of cank(‘rs in both collections. The S(pfifvla corresponded 
Avith the description of aS. musira Pk. (8) that P»ier H ) has re(*ently reported 
as the cause of a serious canker disease of hybrid poplars in (’anada. 
Cankers similar to those on the Attica sjieciiiUMis Aven* recently collected-' 
from hybrid pojilar clones planted by the Tenuesstv Valley Authorit\ at 
Norris, Tennessee. No fruitin^^- bodies of >8 musiiui wer(‘ observt*d on tlie 
cankers, but tissue cultures developed tyjiical pA (Uiidia ami spores. 

Because of the ajijiarent sCA’ciuty and imporlam'c of tlie disease on clones 
of hybrid poplars tliat have provial particularly adaiitabh^ for reforestation, 
the present paper Ldves a brief review of the hosts, the distribution of the 
disease, the symptfuiis, the causal fungus, and the ]*(*sults <»f inoculations to 
test the relative susceptibility of a few of the clones. 

HOSTS AM) niSTiniirTION 

A canker disease of Russian ])o])lars (probably Populus pt fnnrslnpma 
,Schn(*id.) ^roAvn in experimental plantin«rs at the Northern (Jreat Plains 

1 Aysoeijite Patli'ilcfjist, Division of Forest Fntlioluj'y, Durenu of Industry, 

Soils and AjjrieulturjU Kiifrinoeriny:, A^rieultunil nesean h .\dininiHl ration, F. S. Depart 
mont of Agrieultnre, New Haven, Fonn. 

Th(‘He eolleetions were received respectively from K. J. Sclindner, Senior Silvicul¬ 
turist, N'ortbeastern F()rest Fxjierinient Stati< n. Forest S<*rviee, F. S. De)>artinent of 
Agriculture, Fliiiadolj)liia, J*a., ami frc»m d. H. Ilansbrongli, Fatliologist, Division of 
Forest Pathology, llnreaii of Plant Industry, Soils and vAgrieultural Fngineering, Agri- 
enlniral Heseareh Administration, F. S. De]mrtment of Agrieultnr<', New Haven, Fonn. 

The eolU’ctum was made hy (i. F. (irav.’itt, Senior Pathologist, and the (Millnri's wen* 
referred to the writer Iw U. \V. J)avidsoii, Pathologist, Ixith of the Division of Forest 
Pathology, Bureau of Plant Industry, Soils and Agrieultural Fiigineering, Agrieullural 
Research Administration, U. S. Deparlnnml «if Agriculture, Heltsville, Maryland. 
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Field Station, Mandaii, North Dakota, was reported by Johnson and Cobb 
(6) in 192^1 The eaiise of tJie disease was unknown but it was described as 
“a disease which soon j^irdles the tree, ^renerally near the base or at a crotch, 
and kills the portion above the canker.” In 1936 the Northwest pojdar, a 
rapid-<>:rowin*»: hybrid, i)resumably balsam poplar {P. lacamahaca Mill.) x 
cottonwood (probably P. delioidts Marsh.), and considered to be native in 
North Dakota, was described by (leor^e (5) as “subject to canker.” In 
Canada, the importance of <‘anker on poplars in Saskatchewan has been 
emphasized (3, p. 28) and a brief study of the disease and its cause was made 
at Indian Head, Saskatchewan (4, pp. 24-26). An unidentified species of 
Srpioria was isolated from leaf spots and cankers, and the suscei)tibility of 
P. pcfrowshifana and Northwest poplar was proved by wound inoculations 
of cuttings in tlie frreenhonse. 

A more detailed study of the disease at Indian Head and at the Petawawa 
Forest Kxperiment Station, Ontario, (hinada, was reported by Bier in 1939 
(1). He identified the ('ausal fungus as Septorin mnsiva, which was de¬ 
scribed by peck (8) in 1882 on livin*? leaves of Poptfhis dcltoides (P. moni- 
lifvni Ait.) at Albany, N. Y.. and which is indi<renous in North America. 
Biv‘r’s inoculations of (oittinjrs in the jrreenhoiise proved the {Susceptibility 
of the hybrid poplars Popidus rasttmowskpana Schneid., P. petvowskyana, 
and P. h(roli)U‘Hsis Dip]), to stem infection. The Northwest poplar and an¬ 
other hybrid known as Saskatchewan poplar, with a similar j)arentajre, also 
W(M*e susc(‘j)tible. Howev(T, the native jioplars P. iavamahiua and P. del- 
ioidcs (desijinated by Bier as P. balsam if era L.), from which the.se hybrids 
were derived, proved to be r(*sistant to canker formation. He found that leaf 
lesions were universally j)resent on plantation trees susceptible to canker, 
and prov(‘d, by inoculations in the frreenhouse, the susce])tibility of the two 
species of native po])lars, as well as the hybrid ]) 0 })lars, to leaf infection. 

Thom])son (12) studied S(})furia musira as the cause of leaf ISpot of pop¬ 
lars in the Cnited States, and reported a twi^ lesion only on one shoot of 
PojfHlus szechiianica Schneid. From his inoculations of poplar euttinp:s in 
the greenhouse, he found that 26 species and varieties are susceptible to leaf 
infej'tion. im lmliiifi P. maj’imoiriezii Henry and the Russian hybrids P. 
peh'oirskyaaa and P. heroliaeasis. 

Recently a canker disease of i)oplars in Artrentina was described by 
Sarasola (ft) as caused by Sepforia masira ami observed for the first time in 
that country in 1941. The orijrin of the fun«rus in South America is not yet 
known. Several hybrids and varieties of poplars, includinjr clones developed 
by Schreiner ami Stout (11), were reported as susceptible. The species 
Popalas laarifolia Ledeb. and P. simonii Carr. (P. przewalskii Maxim.) also 
w(‘re re[)orted (9) as susceptible. Leaf spots from which the same fuiifrus 
was isolated occurred on the susceptible trees. 

SYMPTOMS and CAUSAL FUNdUs 

The relation of leaf infection to the development of cankers on the hybrid 
poplar clones in the New York plantations has not yet been determined. 
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Bier (1) stated that infeelion of leaves and twijis of the cMirrent y(‘ar’s 

jrrowth is broujj:ht about by aseospores of the j)erfeet stajre {Mifcosphacrdla 
populorum G. E. Thoiiipsoii) produe.ed in fallen leaves or in dead leaves 
that have remained over winter on affeeted twi<rs. This indi(*ates the impor- 
lanee of leaf infeetioii in the si)read of the oanloT disease. Bier also found 
that, in the sprinjr, mature j)eritheeia aiul pycmulia with viable spores are 
sometimes present on eaiikors formed the previous year. Jiifeotion of newly 
developed leaves is evident by tJie preseiiee (»f small, brown, eiivular <»r aiij^u* 
lar spots witli yellowisli or while renters. Several s])ots may eventually 
roalesre and inrreas(» in size until lar^e areas are alfeided. Small black ]>y(*- 
nidia ap})ear in the lesions on both leaf surl'aces. The leavers on the* lower 
branches are most commonly affected, and early defolialioj) of these liranches 
may occur. Jnlection ol* tin* Iwijrs, as indicated by tin* spec'imens from the 
Now York ])lantations, may take place tlirouj*!! lenticels oj' wounds on tin* 
cnrnnit .season’s jrrowth. Bier (I) also reports ijin*(‘tioii throimdi petioles 
and stipules. The bark of yonii”- h*sions is dark brown or black and de- 
l)ressed, with a whitisli (*entral area in wliicli small black jiyc'iiidia soon 
appear. On the most suscef)tible po]dan; the rapiti spread ot* the fnn^nis 
results in the ^drdlinjr and deatli of the twijLi diiriim tin* late snmnn*r. Tin* 
fiinfrns continues to <irow from the axillary twiiis into the main stem, on 
which ])erennial cankers may be formed. Tin* ]>r(*s(*nci* of cankers around 
sevi‘ral leaf axils alonjz' the stem, with the swelling** of tin* stem at the margins 
of the cankers and the constriction in tin* aff(*<*ted areas, i*esults in a pro¬ 
nounced distortion of tin* stem. Pycnidia of Sfpioyin nutsirn an* ran*ly 
found on these cankers, but tin* ilt*a<l bark ainl marginal callus tissin* may be 
invaded by sei*ondary funid, ])articularly a species of i'iilnspfna, probably 
C. chrijsospo'ma. The continued deveio}mn*nt of tin* cankers (*ventually 
results in frinllin^' and death of the tree. In the mori* n*sistant tre(*s. tin* 
cankers devclof) more slowly and in .some cas(*s e\ i*ntually become o\ er’jirown 
with callus tissue, with no further spn»a<l or jiirdlini: of tin* st(*m. 

J^ier (1) and Thompson ( lUj jiivt* brief discussions of the taxonomy and 
morpholo<iy of N. /////.v/'/v/, and the idiaracterist it's of the funjrus in the pi’csent 
.study, on the hosts and in culture, aj*r<*e with their tlescriptions. Tin* spor<* 
measurements lor <'oni(lia an* as follows: From ]>y<*nidia on leaves -Bier’s 
measurements (330 spores fnmi 4 Imstsi 17.2-51.6 . 3 4 p, Thompson's mea¬ 
surements < 850 spores from 7 hosts) 28-54 ■ 3.5 4 p. From })ycnidia on 
cankers—l-Jier’s measurements (180 spon*s from 3 hosts) 21.5 55.6 . 3-4 p, 
the present study (200 s])ores from 2 cl(nn‘s) 24 56 • 3.5 4 p. Sarasola (0) 
jrives measurements of 1200 spores froin f)y(*nidia on the leav(*s of various 
hosts as 18.5 70 X 2,0-4.p. This latter ranjre is indii-ative of tin* wide vari¬ 
ation in spore length mentiont*d by Davis (2), who (‘OJi.sid(*red N. hutsira as 
a. composite s})(‘cies. 'r]iomi)son (12) described S. pnpulicffJa Pk. as distinct 
from musira, havin«»: a ran^re in sp(»re Ien*r1h of 45-80 p. with an avera«,n' 
of 62 p. The avera^-e of si)ore lenj^dh reported by Sarasola was 43.4 p, whi(di 
W'Otdd seem to places his fun^nis in S. wHsituf. 
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Jji tbe present stiidx' tin* (‘Husal fuii}xus was isolated and jrrown on Le- 
onian’s niediuni (7), from sinjrie s|)ores ])rodueed in pyeiiidia on the eankers 
in the Attiea eolJeetion and from the iinier bark of nonfruitijij' (fankers of 
both ('olleetions. Tfie rolonies ‘rrcM* slowly and ])rodne(»d j)y(*nidia and spores 
dnrinj^ a eomparatively short period, about 2 or 3 months. The entire sur¬ 
face of the eolony then beeanu* overgrown with a lu’ofuse wliite or pinkish 
mye(‘lium and Jio fur1h(*r friiitin<*‘ took place. This myeeJiuin ^rew readily 
in transfers, without the production of ])ycnidia or si)ores. Transfers by 
means of sinjjh* spores from fruitinj^ cultures ])rodu(*cd Jiiature ])ycnidia i’or 
some time, but eventually, after about 8 or ]() months, transfers of this type 
also failed to sporulate, ltei)eatetl attem])ts to t)btain fruiting pyenidia by 
trausfci-s of the mycelium to sterilized poplar twi**s failed. However, when 
the myeelium from the Attica isolations was inoculated ijito livin^^ twi^s of 
suscei)tibl(' tribes, (‘ankers aiid typical fruiting- bodi(*s wen* formed. The 
fruitin<r i)eriod of the isolations from the SaratojL^a spe(‘imens was shorter 
than that from the Attica spec-imens and in inoculations the mycelium failed 
to produ(‘(‘ fruitiu«i‘ bodi(*s on tin* cankers. Wwy (1) and Thompson (12) 
found that in culiurt* some colonies never form pyenidia and spon's. 

INOCl. LATIONS 

Three series of inoculations were imuh* on cultinjis from ll) clones of 
hybrid poplars s(*lect(*(l by S(*hr(‘iner for their vigorous L^rowth and for their 
apparent variation in sus(‘eptibility to the disease in the nursery. The 
j)ai*enta<»(‘ of tin* clones is as follows: 
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Tilt* (Mittin.as wer(* rool(*d and ])otted in the ^»'rcenhouse. and the current 
season’s growth was inoculated in June. The inoculum consisted of pieces 
of sporulatiuLT pyenidia from tin* sinjile-sjiort* cultures from the Attica speci¬ 
mens and from tissue (*nltur(*s from the Saratoga specimens. Ten inocula¬ 
tions (1 on each clone) were made l)y placing* the inoculum from the Attica 
isolate in uninjured leaf axils. In h) additional inoculations with the Attica 
isolate the inoculum was placed in contact with the ex])os(*d wood of small 
triangular stem wounds made with a st(‘rile scalpel. Two similar series of 
inoculations were made with inoculum from the Sarato«»:a isolate. The iiiocu- 
lat(*d areas in all (-ases wei*e iirotected by wrap])injrs of wet cotton and waxed 
})ai)er ti(*d at both ends, the wrappinjrs beiiijr removed after 10 days. A con¬ 
trol, consistinjr of a stem w’ound without the insertion of tlie inoculum, was 
made for each ]>air of wound inoculations. 
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From the ayouikI iiioeiilatioiis with iiioeiiliiin from the Attiea isolate posi¬ 
tive* results were obtained on eloiies ()P-2, 46, 47, and 52. Typi(*al rankers 
and mature pyemidia were formed, and Septoria tHUKirti was reisolated in 
sinjLde-s])ore eiiltnres in September. On elones ()P-4, 11, 12, and 41 op(‘n 
wounds resulted, but no fruitinjr bodies of S. niusira were present and the 
fungus failed to deveIo|) in tissue eultures I’roni the wounds. This may have 
been due to the faet that otlier fun*ri, siieh as Fusarium and Cpfospora, were 
abundant and may have overjrrown the more slowly developiji**: Septoria. 
The wounds on OP-1 and 55 healed normally, as did those on all the eontrols. 
On clone 01*-4 infection occurred throujrh a leaf petiole from the inoculum 
jdaced in the leaf axil, and S. musiva was reisolated from spores in pycnidia 
on a small stem canker. 

The inoculations with the Saratoj^a isolate produced j)artially h(‘aled 
wounds on OP-2, 11, 41, 46, 47, 52, and 55, with no evidence of pycnidia of 
Septoria niiisira and the fuimus failetl to develoj) in tissue cultures from tin* 
Avounds. On clones OP-1 and 12 the wounds inoculated with this isolate 
Jiealed over in the same manner as the cont»*ols. Hecause of the failure to 
obtain positive results with this isolate it w'i\s not used in the two followiiijr 
series of inoculations. 

The uninoculated (‘uttinii-s remained in an unln*ated jireenhoust* durin*r 
tlie winter aJid were i)lanted outdoors the followinjr sprini!*. Two seri(*s of 
inoculations were made* in dune, one, on the st(*ms of the previous year's 
jrrowth, consistin|.r of the application of mycelium to the exi>(>sed wood of 
stem wounds as in the prei^edin^^ experiment, and the’other, on the current 
s(‘asoii’s jrrowth, of a spore suspension on uninjured leaves an<l p<*tioles. and 
on stem wouiuls. The wound inoculations were protected with wet cotton 
and waxed paper Avrai)pinj,^s for 10 days in the first series and for 72 hours 
in the second series. The inoculum was derived From siimle-si>ore cultures 
from the Attica isolate, in the first series 2 stem inoculations wen* made on 
each of the 10 clones. In both series, coiitnds were made on (»ach clom* to 
correspond with the different types of inoculations. 

The cankers resultinjr from the iinxMiIations in the first outdoor series 
Avere collected in September for examination and reisolation of the funjrus. 
Septoria musiva Avas reisolated in sinjrle-siMUv iuiltures from the two cankers 
on OP-2 and from one canker on ()P-46, 47, and 52 (Fi^^ 1, H, ('). Fruiting: 
bodies of a species of Fusarium were present on the second canker on each of 
these three latter clones, and no other fungus was obtained from tissue cul¬ 
tures. The two cankers on OP-12 and 41, and one on OP—4 were overjrrown 
Avith a species of Cptospora and of Phomopsis. Tin* second canker on ()P-4 
and the two cankers on OP-11 and 55 had healed. 

The cankers in the second outdoor series, resultinjr from infection of stem 
wounds, AA^ere collected and the fungus reisolated one month after inocula¬ 
tion. At this time reisolations were made also from the leaf spots and petiole 
infections. In this series no secondary fun*,d had iiiA’aded the inoculated 
atem wounds and mature pycnidia of Septoria musira AV(*re ])resent, except 
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Fi(i. 1. Cjnikors nmstMl bv St ptoria •irtsira mi t'lmu’s of liybrid poplars. A. Canker 
on a n yoai-old stem of a plantation tree. x J. 15. (.lirtilin^ eanker from .stem wound 
inoeulation on clone ' ]. (’. ('anker from stem wound inoculation on clone ()P-4(). 

x 1. I). Sti'iii wound in inoculation control on clone OP—1, sliowinjj normal bealing. x 1. 

Pliotoj»:raphs by li. P. Marshall. 

oji OP-r)."). lIowevtM*, variations in snseeptibility wero imlieated by the 

(‘Oiis|)ieu()us blaekoninp- of iho bark siirroniuliii” tlu' woinuls on oloiies OP-2, 
4fi, 47, and 52, in contrast to a very sli<rlit diseoloration on elones OP-4, 11, 
12, and 41. Tin* wound on eloiu* OP-So bad not healed and the stem was 
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depresvsed, but no bark dist'oloratiou was ovideiit and tlie tissue cul¬ 
tures remained sterile. 

The leaf spots resultiiij*: from the inoeulations corresponded with those 
described and illustrated by Bier (1), and mature pyenidia with spores 
extruding in pinkish ein*i were i)resent about three weeks after inoculation. 

Table 1 drives a summary of the results from the thr(‘e series of inocula¬ 
tions with the isolate from the Attica specimens. In ali controls the wounds 
healed rapidly and normally (Pijr. 1, D). 
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Disri’ssiox 

The results from these few inoeulations art' not ft)nsitlert*d to hi' et)nelu- 
sive evidenei‘ of variations in suse<*])tibility to sttun infection ainon^ the 
clones tested, but they set*m to iudi<'ate a hijxh tlej^M'ee of susceptibility in 
clones OP'-2, 4(), 47. ami o2. Of the.^e, the three latter clones were d(*rivt‘d 
from hybrids with I^opu/us ma.rimoiviciii as om* of the parents, and ib 
hrrolinensis as the other parent in two cases. The susce|)tibiiity of P. maxi- 
minviciii has not been tesl<*tl, but P. hwoUm nsis provetl to In* susce[)tible in 
the inoeulations made by Bier (1). The hi^h susceptibility of clone ()l* -2, 
with a parentatre of P. ' P, loHrifoUa, indicates the desirability of test- 

inj^ these two parent species. However, clones with the same parentajre may 
vary in suscef)tibility, as shown by the variation in inoculation results be- 
twwn clone ()P-2 and idones OP-l and 4. Bier also found that the North¬ 
west jioplar, a Jiative hyhri<l, showed a hijih ])en‘enta<re of infectioji, etpial 
to that of the exotic s])ecies P, rasinnowskijatta, whih* the native sjx'tdes from 
which the Nortlnvest f)opiar was derived were resistant. He pointed out that 
Siptoria musiva is an exam|)le of a native fungus of minor importance as 
the cause, of a leaf spot on nativt* s])eeies, whi<*li may act as a virulent parasite 
on new hosts, such as hybrids and exotic sp<»cies. 
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The aetual distribution of Hvpioria musiva in cankers on the various 
exotic species of poplar iu the United )States is not known. Apparently there 
have been no reports iu literature of a similar canker disease other than those 
already mentioned from North Dakota. Ilowevei*, the j)revalence of secon¬ 
dary fun<»i su(*h as (Uftaspara, Fusariiim, and Phoniopsis, on cankers in the 
])laiitations and following* iiuxudations, and the difficulty r)f isolatin*? 

from cankei’s thus iuf(X*ted, sujrjrest the ])()ssibility that the disease 
may have been overlooked. Jn Canada (4) a percmnial canker of unknown 
ori^dn was des(*ribed on Uussian poplars, from whi(*h a species of Cpfospora 
was isolated. The fuu^nis was found particularly in (‘ailus tissue surround¬ 
ing wounds and was considered to \hi responsible for the continuance of the 
disease. Mf>reover, Dier ( I j stated that (Ujtosponi was frecpiently isolated 
from the mar^dns oT old(*r cank(*rs that therefore mi<»lit be the result of com- 
bijied infection by S. nuisira and the Ciftosj)ora. Pycnidia and spores of 
S. iinisira are a})i)arently j)roduced during a very short period, even on tlie 
most susc<*ptible tr(*es. Infec-tion by tlie funjrus retards callus formation 
and. oil the more resistant trees, mvates comlitions partiiuilarly favorable for 
infection by i-apid-^rowin^' s(*condary fun^ri. Tliis is evident from the fact 
that all of the wounds made iii the controls of the ino(*ulatiou series liealed 
1 ‘apidly. with no infe<‘tion by any fungus. It is jiossibh*, tlierefore, that on 
sli^ilitly susceptible pojilars the <»Towth of S. nuisira mi^ht be retarded or 
ev<‘n pr(‘vcut(*d by speides of (Uftos])ora or similar funjri. 

Dot Inch iza popuha, the cause of a diseast* of poplars, common in this 
country and Europi*, was not found in any of the (linkers examined from 
th(‘ New York i>lantations. However, clones of 10 of the hybrid ]>oplars 
dcvelojied by Schrcinei* and Stout (11) were tested by Van Vloten (1^1) for 
sus('eptibility to 1). papaha. His results imlicatt' that tlu‘ clones most sus¬ 
ceptible to tliat fuuu'us ^^ere those of parentajre similar to OP 2, 46, 47, and 
52, whii'h also j)rovetl hiiihly susceptible to SrpffU’ia nuisira, 

Sr.MMARV 

A caiikir il's(‘ase of hybrid poplar t*lon(*s in two plaiitin*i:s in New York 
Static and in a iilautin^’ made by the Tennessee Valley Autliority at Norris, 
Tennessee, is i*aused by Srj>l<fria nuisira. Tin* fun”:us is indijxenous in North 
America. (X'currinji: on liviiij:- leaves of various species of native and exotic 
jioplars iu the United States and Canada. The cank(‘r disease has previously 
b(‘en reported only on e.xotic and hybrid pojilars in Canada and Arjrentiiia. 

Infection takes jilace throu^^h uninjured leaves and petioles, or tliroufrli 
twi^^ Avouuds. Cankers ari‘ formed on twi^^s of the current season’s jiTowth 
and pycnidia and spores apjiear soon after infection. The f::rowth of the 
fungus from the twijrs into the main stem results in the formation of cankers 
that, iu hijihly susceptible trees, eventually fiinlle the stems. On less sus¬ 
ceptible trees, the cankers may become infected by secondary fun<*:i, such as 
Cfftospora, which jrrow more rapidly than the Srpforia and tend to mask the 
presence of the causal oj’jianism. 
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The relative susceptibility of 10 clones of hybrid poplars that have |)roved 
particularly adaptable for reforestation was tested by inoculations in the 
gfreeuhouse and outdoors. Infection occurred in uninjured leaves and peti¬ 
oles, and in stem wounds. The results indicated a hi^h dejrree of suscejdi- 
bility in one clone with a parenta*re of Poputus nigra xP. laurifoJia, two of 
P. masimowiczii X P. hrrolinensis, and one of P. ina.rinioivic.:ii x P. nigra \i\r. 
jyJandcrejmis. 

Division of Forest PATiioLCKiY, JUtkeatt of Plant iNursTRY, 

Soils, and Aorkttltural BNiuNEERiNti, Aokkutltitral Keseak(ui 
Administration, V. S. Department of AoRK ULTrRE, 

IN ( ooperation with 

Osborn Botank al IjAboratoky, Yale rxivERSJTY, Xew Haven, Conn. 
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THE AXTJGENKMTY OE SOUTHERN BEAN MOSAIC VIRUS 

W . . I* i: I ( K V \ 1) L . M . r. I. \ (* K 

(Ac*<*t*pt(*(l for i>ut>lic*:itiori Septonibcr 2n, 1945) 

Thoro is now abniidaiit evideiK^e that I'ortain plant viruses are cai)able 
of aetinf? as autijr^^iis and that tlieir serolojrical reactions are nsefid not only 
ill ascertaining their relationshijis but also in jirovidiiifr a I’apid means for 
their identifieation and determination of their eoneentration (1). 

Ree(‘ntly, when southern bean inosaie virus {Marmor lacsiofacicns Zaii- 
iiieyer and Harter (4)) was isolated in pure form (2), it seemed desirable 
to test its autiirenieity and to determine its serological relationship, if any, 
to certain other ])lant viruses. This paper presents the results of studies 
earried out on the precipitin reaction of the virus with these objectives in 
mind. 

Uidess otherwise sjavified the jirocedure in the experiments was as fol¬ 
lows: Two-tenths cc. of tin* appropriate dilution of antiserum was mixed 
with 0.2 ec. of a chosen dilution of antigen in a 50 / 0 mm. test tube. All the 
mixlni'es in an expi‘riment w(M*e examined immediately after all the tubes 
ha(l been set up. They were incubated at 37^’ C. and were reexamine'd after 
1 hour and ajiain after 5 hours at this temperature. Dilutions were made 
in 0.85 j)er emit XaCl solution. The concentrations jfiven for antigen and 
antiserum are those in the reactin<r mixture. 

Ill a preliminary exixTiment mixtures were jirepared contaiuinjr as one 
(*om])onent about 0.4 mj*-. ec. of purified southern bean mosaic virus and as 
the sei'ond component antiserum at 1: 15 for one or another of the followinp: 
viruses: Potato rin;jsj>ot \M*irmor (lubium IT. var. annulus II.), potato vein- 
bandin^’ (4/. rucuimris II. var, uj)sll(nf H.), tobaci'o mosaic (.1/. tahari H. 
var. rul</ar( H.), tobai'co etch i M. rroih ns H. var. ruUjari H.), tomato bushy 
stunt (4/. (ItniccaJH (iron H.), and tobacei» necrosis ( 4/. h lhah' II.). Tliese 
antisera w(*re the only ones available at the time. Readiims were made after 
keeiiinjr the tnhes at room temperature for 1 hour and 4 hours and then after 
kee])in^ them ()vernl<.rht at C. The southern bean mosaic virus reacted 
with none of tlie antisera althou;_di each antiserum reacted stronp-ly in (*ontroI 
mixtures containing' its homoloji'ous virus in plant juice cleai'ed by low speed 
centrifuji'ation. The experiment indicated that southern bean mosaic virus 
was not si‘]-ol(»^ically related to any of these viruses. 

Because soutinTu bean mosaic \ inis resembled bushy stunt virus and 
tobaiMM) necrosis virus in some of its j)ro|>erties a juirified ])reparation of 
southern bt‘an mosaic virus was then tested at concentrations of 0.5, 0.25, 
0.125, 0.0()3, 0.031, O.OK), 0.()08, 0.004, 0.002, and 0.001 mjr. cc. a^rainst 1:18 
dilutions of tomato bushy stunt and tobacco necrosis antisera and a 1:18 
dilution of normal rabbit serum. There was no precipitin reaction at any 
dilution of the virus, ajraiu sujrj^estinjr that southern bean mosaic virus was 
s(*rolo^ically distinct from tomato bushy stunt and tobaec'o necrosis viruses. 
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The next stej) was to prej)are an aiitisenini to southern bean niosaie virus. 
The virus j)reparation used as antijj^en had been j)artially purified and eon- 
eentrated by preei|)itatin^ it Avith (NIl 4 ):.S 04 , reniovin««: tlie |)reei])itate with 
low-speed eenlril'u^^ation, and redissolvinjj: it in water. It was then further 
eoneentrated and purified by eentrifufrin^ it twiee at 24,000 r.p.ui. foi* 21 
hours to sediment the virus, takiu}*' it up in water after eaeh eeutrifujialion 
and eentrifu^’iii^ at 3000 r.p.in, for a few minutes to remove aji'^^re^ated eol- 
loidal material. It Avas finally dialyzed ajraijist distilled wat(*r. The eoneen- 
li*ated material eoutained 84 iiif*;. ee. of virus and had an amber eolor at this 
eoneeiitratiou. It Avas found to be essentially homo^'eneous when tested in 
an analytieal eejitril'u^ife, a Tiselius eleetrophoresis ap])aratus, and a diffusion 
apparatus.^ Examination inider an electron niieroseope sliowed it to consist 
of spJierical i>arTicles of uniform size and to be essentially free of extraneous 
particles of other shapes or sizes (3). 

TAP>LK 1 .—Titration of antim ra to soi4tfn rn hi an niosair virus 
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As a preliminary, 5 cc. ol* blood were AvithdraAvn from the ear vein of each 
of the tAVO rabbits to be used later in preparinj** tin* antisera. This blood 
furjiished the nojinal sera Avhich wen^ to be used later in compai'isoii with 
the immune sera, Aftei* waitinj*: a week, eaoh of the two rabbits was 
injected intraj>eritoneally Avith 2 m^-. of vinis dissolved in 4 ce. of 0.85 NaCI 
solution. Alter a ten-day interval each of the rabbits Avas bled, and the 
serum thus obtained was held at -10'' C. until necnled. 

A purified ])r(*paration of sou them bean mosaic virus was tested aj^ainsl 
the normal serum and the auliserum from eacli of the tAvo rabbits. The mix¬ 
tures Avere kept ah 37" C. for 5 hours, after Avhich they Avere kept at 7° C. 
for the next 10 hours. The reactions Avitli the antisera are shoAvn in 
table 1. Since there was no reaction of virus Avith either normal serum 
when tested at. the same dilutions tisetl for the antisera, nor any reaction 
when antisera Avere diluted 1:1000 or antiji:en diluted to 0.001 or 0.0001 
1 Data to be 
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in;r. of virus, th(*se iio<>:citive results are not iueluded in the table. The 
<lata show that soulJiorii beau uu)saie virus is antijreuie aiul suj^j;:e,sl that the 
serological reacdiou eaii be useful iu testiujr for its relationships. 

The next step was to test the speeifieity of the soutlierii beau mosaic virus 
antiserum. The two viruses tJiat most closely resemble southern bean mosaic 
vii-us iu j)roi)erties, tobacco necrosis and tomato bushy stunt viruses, were 
used iu the tests. Purified |)rej)arations of tlH*s(* viruses were ])re|)ared by 
differential ceutrifujratiou and the final products were analyzed for iirotein 
content A series of dilutions of each of these purified pref)arations and of 
a purified preparation of southern bean mosaic virus were tested aj^ainst 
normal serum and against antiserum to each of the three. The dilution of 
antiserum in each mi.xture was ]: 20. The data obtained are in table 2. 

After addinji: the solutions of antigen and antiserum to all of the tubes 
and before mixing: them, they were examined. Some tubes showed a definite 
cloudy disc where antisei’um and antifren (‘ame in contact. Siudi a reaction 
is indicat(‘il in the table by a “ : si^n in tlu‘ space allotted to the lo-minutc 
readinj*-. The final data show that southern bean mosaic virus i*eacted with 
homologous autis(‘rum, [)rej)ared by means of a sin^h* intraperitoneal injt*e- 
tion of 2 mjjr. of virus, at a com-entration as low as 0.01 m^. cc. but failed to 
j’eact with th(» h(‘ter()lo^ous antisera at any coiu'entration tested. Tobacco 
luorosis virus reoeded only with its homologous antiserum and at a concen¬ 
tration as low as 0.05 m^*. cc. Similarly, tomato bushy stunt virus reacted 
only with the homologous antiserum and at a concentration as low as 0.02 
m^., t‘('. A second test set uj) in essentially the sanu‘ manner ‘rave practically 
idcuti('al r<*sults. Th(‘s(* results indicate that each of the virus(*s is serolojri- 
cally distimd. 

The data thus far prestuited show definitely that southern bean mosaic 
virus is anti^^-enic and that its pre<‘ij)itiii reaction is s])e('ific, so far as tested. 
Thes<‘ data were oblaiiu’d tmtirely from tests made with purified imepara- 
tioMs of virus. It seemed desirable to determine whether the juice from dis¬ 
eased b(‘an ])lants would ‘rive a sptvific serolojrical reaction when mixed with 
antiserum to southern bean mosaic virus. Juices ex|)ressed from ‘ground, 
unfrozen, h(*althy and diseased Bountiful bean ^Phascohis riiJffaris L.) 
])lants wei-e centrifujr'ed for a few minutes at 2000 r.p.ni. The juices were 
then t(\sted at a series of dilutions in jiiixtures containinjr normal serum or 
antiserum to southern bean mosaic virus at a dilution of 1: 20. After 1 hour 
at 87^ there were s|)e(‘ific preci[)itin reactions in the tubes containinji; 
homolo^’ous anlist*ruin and diseased juice at dilutions 1:2, 1:4, 1:8, 1 :16, 
and 1:32. Xo r(‘action occurred in control tubes containinjr juice from 
healthy |)lants aiul the antiserum or in those coutaininj: diseased juice and 
normal serum. After 5 hours at JT"" C. the diseased juice ui) to a dilution 
of 1 : 128 exhibited a reaction Avith antiserum but by this time artifact reac¬ 
tions Avere develoi>in^" in all tubes containin^^ juice, Avhether diseased or 
liealthy, at dilutions up to 1:8. A second test j^ave essentially the same 
results. Tliese experiments show clearly that tlu* antiserum reacts specifi- 
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TABLE 2.— Spccificiiif of aniiseriiiii to sottflicrn bran mosaic virus 


Aiitijjon eoiiceiitration 

Scrum- ___ 

0.1 0.05 0.025 0.0125 0.0063b 
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** Tbc st'rurn in mixture was diluted 1 : 20. 

bNei'ativcj results wen* obtained with virus coiua^iitrations of 0.0031 and 0.0016 
lug./cc. and aceordiiigly mixtures with these eoneentvatiojis were omitted from the table. 

c«lly with the juice t'rom diseased idants but iiot with that ri'oiu liealth.y 
plants. The expet-iiiients also indicate that the original ])iirifi(*(l virus used 
ill preparing the aiitisernni was essentially free of protein constituents of the 
normal plants. 
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The results here rejmrted are of interest not only because they show that 
southern bean mosaic virus is anti«>*eiiic and that the i)recii)itiii reaction can 
be of use in testinjjr for its virus relationships but also because they briiijr 
additional evidence for tJie belief that southern bean mosaic virus is an inde¬ 
pendent and distinct virus s]>ecies. Jt has been shown elsewhere (3) that 
this virus can be distinjjruishcd from most other [)lant viruses by its high 
degree of thermostability and that in ])lant protection tests it is iinmunologi- 
ealiy distinct from tobacco mosaic and tobacco necrosis viruses, both of which 
it r#‘seml)les in thermostability. Hitherto, it was ditfereiitiated from tomato 
bushy stunt virus mainly on tlie striking differenc(‘s in host range but partly 
also because of dilfereiiccs in pliysical and chemical properties. Southern 
b(»an mosait* virus has now been demonstrated to be distinguishable serologi¬ 
cally from tomato bushy stunt virus. 

SUMMARY 

It is shown thal southern bean mosaic virus is antigenic and that its 
precii>itin reaction is useful in distinguishing it from other viruses. South¬ 
ern bean mo.saic virus is sendogically distilled from tobacco necrosis virus 
and tomato bush>' stunt virus, which it resembles in some of its physical 
jiroperties. It is also sei*ologically tlistinct from fiotato ringspot, potato vein¬ 
banding, tobacco mo.saic, and tobac(*o etch vii'uses. its antiserum, j)repared 
with [)urified vii’us, reacts specifically witli juice from Bountiful bean plants 
iiife(ded with the virus. Tlie data bring additional (evidence for the view 
that southern b(*aii mosaic virus is aii indej)eudent and distimd virus .species. 
Till: Department of Animae and Plant Pathology, 

The 1vO(‘ki:fkller Institute for Medical Keseakcii, 

pRlNl'KTON, New dERSEV. 
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Ami<an for Control of Fnmji in (Urniinatinif Corn ISccd.^ —That Arasan 
iuhibits tin' (IcvoJopmont of DipJodia zrac (Sc.liw.) Lrv. has been shown by 
II()pj)e" ill a study of iiifotded eoi'ii seeds piaeed on ajrar surfaces. He found 
that Arasan was e(]ual to Parbak (■ and Seinesaii Jr. and suiH'rior to Sperjroii 
in rctardinji: the frrowth of i>. zeac. Then* is also evidence^ that in labora¬ 
tory ^germination tests i). zror is more effectively controlled with Arasan tlian 
with dusts eontaininji* etliyl mercury phosjihate, (‘thyj mercury p-toliuuie 
suHonanalide, or 2-13 dichloro, 1-4 naplithoipiinone. Arasan ajiplied to sam- 
])les of low-germinating ccu’n at tlie rate ol' 0.15 ])(*i* cent by wei^Jit, iiowever, 
did not control Rhizopns niijricans Elir. as successfully as it did 7>. zvac. In 
contrast to these results, lieavier dosages of Arasa»i iirevented E. nipricons 
and other molds from <rrowinjj*- on jrerminatiu^»- seeds of cucumber, musk- 
melon, and s(piash.'* 

Ajiparently a pi'oiier dosaji'c of Arasan diould control both ])atho^‘enic 
and sapro])hytic fungi on germinating corn 's(‘ed. To obtain information on 
this subject six selected dcah‘rs’ lots of corn seed inr(‘sted with ])ij)lodio ,i( a(\ 
Fusario, and Ehizopns nitjricinis and four lots infest(‘d with E. nifp’icans 
were treated with certain mixtures of Arasan and flour. 

The mixtures (Table 1) contained 100, (>7, 50, and pt'r cent Arasan and 
0, J32, 50, and 67 i)er <‘ent, respectively, of wheat Hour. A known weight of 
seeds was agitated with one of the dusts for lhi*(*e niinnt(\s. The mat(*rial 
that did not adhere was removed by shaking the treated seeds in a si(*ve. 
Arasan adhered at the rates of 2.3, 1.3, O.Jl, and O.ti onm^s j)er bushel of seed 
for the 100, 67, 50, and 33 i)er cent Arasan mixtures, respectiv(*ly. 

The treated seeds and the controls were counted into rc])licates of 100 
and were eithei- germinat(*d at once or stored \u a dry laboratory for om*, 
two, or three months before being germijjated. All seeds weiv g(*i-minate(l 
on moistened paper towels at alternating teujpcratures of 20^’ and 30 C. 
Records were taken during the sixth day of germination. 

Neither Arasan alone nor any of the Arasan-tlour mixtures n^tarded the 
germination of any seed lot. Api)roximately 00 per (M'nt of tlie live seeds 
had formed normal seedlings after only three days on the imhslened towels 
regardless of the dosag(* of Arasan or the length of the storage period. In 
germination the control excelled any one treatment in cmly 20 of the 140 
separate tests. The average* results from all of the tests showed that the 
percentage germination of untreated seed was not higher than that of seed 

I .huiniMl n.-nuT No. of’ tlic New York Stotc Agriculturjil l']xp<*riuuMil Station, 
(icncva. Now York. 

- Hojjpe, P. P. Poin])ai iso»i of corlairi nicieury and non Tindallic dusts for corn seed 
treatment. Ph\to]n'»tli. 33: (iOlMkMi. 1943. 

(.^rosier, AViJlard riieiniral control of molds, haeteria and fungus patliogi'iies on 
eueurhit, pea and sweet eoiJi seeds. Proo. Assn. Off. >Se(‘d Analysts 1943: 38-41. 1943. 

+ (Crosier, Willard. (3ieinic*al seed protect;ints nsed as disinf(*staiits during g(*rmiiia- 
tion of cucurbit seeds. News ljetU‘r Assn. Off. Heed Analysts 18(2) : 3 (J. 1944. 
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troatecl with any Arasan niixliire or with Arasan alone. This was true for 
all ten lots of eorn. 

Bhizopus 'mgrtcans is readily eontrolled in viable, fairly clean seed 
(Table ]). In heavily inlV.'ited seed containing 8 to 20 per cent dead ker¬ 
nels, however, B. Hi(p‘ic<nis ai)i)eared to be beneath the jiericarp of some seed 
and lienee not exjiosed to surface sterilization. The heavier concentrations 
of Arasan (100 and 67 tier cent) excelled the lij»:hter concentrations (50 and 
33 ])er ciuil) in controllinp: I'un^i in this type of corn seed. 

While neitlier DipUxUa zvac noi* Fusaria were ])resent in a hif^h per¬ 
cent aj^c of seeds, it is apparent (Table 1) that Arasan retarded the develop- 

TATITjIj ffcrniinalifni, atcdlhui wrifjhi, and fiinf/iis coni ami minis of 

corn seed treated ivith certain niixlnres of drasan and irinat flour 
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is briscH upon loinl mnnlu'r of items in wlncli an Arnsiin-floiir mixture (or con¬ 
trol) iir()v<Ml superior to :'n\ other mixture (or eoiitrol). jN’ormallv eneli mixture (mid 
control) would lx* rniiked rnun 0 to A in ;iscen<iinji: order of superiorit.v. 

Twenty-six replicnti-d tests; 1(M) possibilities for superiority. 

‘•Twelve ie]>lic:ited tests; 111 pcjssihilities for sujieriority. 

iiit*id of llicso fiiD-ri. AVlien tlieso fiiii^i did dcvoloj) on Arasaii-treatod seed 
file colonies were markedly smaller than those deve]o])iiifr from iinlrcated 
seed. 

(’heniieal in.iiiry either was not a])i)arent or was very sli«:h1. In a bulk lot 
of surfaee-eraeked seeds treated with Arasan alone 2 i)i‘r edit of seedlings 
were slightly in.jured. No injury Avas noticed in gei-ininating seeds of other 
eorn lots. 

The average green weights of seedlings in the 10t)-seed tests prove that 
Arasan either did not cause any chemical injury or the increases in weight 
atlribu1al)le to control of fungi were greater tlian the decreases effected by 
chemical injuiy. The data, in table 1 show, furthermore, that the treatments 
not, only did not dejAress. but actually i-esulted in increased green weights 
of the seedlings. The data do not indicate, however, Avhether the increases 
in green weight are due to control of the fungi, the effect of the toxicant 
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(?oiitPut of Arasaii, or the etfeet of the (iilueiit i)reseiit in Arasaii and the 
ArasaJi-floiir jiiixtures upon the seedliii<*:s. 

Ill two other bulk Jots of seeds carrying only traees of fiinjri the avera^re 
frreeii wei^dits of seedliii^^s from ten replieated tests of eaeh treatment were: 
100 per eent Arasaii—76 ji:rams, 50 per eent Arasan—76 *rrams, 33 per eent 
Arasan—77 jrrams, and no treatment—72 fjrrams. It does not api)ear proba¬ 
ble that the dilferenees in weij^hts between the treated and untreated seeds 
were caused by liontrol of fiiiif*:! alone.— Willard Crosier, Assistant Pro¬ 
fessor, Division of Seed Investigations, Cornell University, Ceiieva, New 
York, and Stew^art Patrick, Researeli Associate, Division of Seed Investi¬ 
gations, Cornell University, Geneva, New York. 


Inienml. Brown Spot, a Boron Deficiency Disease of Sweet Potato.^ —In 
exploring certain possible causes of internal cork,‘ a newly described disease 
of sweet potato {Ipornea batatas (L.) Lam.), tlie likelihood that boron defi¬ 
ciency, or some other nutritional agency, might be involved w’as investigated 
in 1944. In one held experiment of comj)lex design sweet potatoes of the 
Porto Rico variety were grown on replicated field i)lots, located on both 
limed and niilimed soils at three different levels of potassium fertilization 
and supplied with borax at rates of 0, 5, 10, 20 and 30 ])onnds per acre. 
Although there was no correlation betw’een the incidence of internal cork 
and the resiumse of the swwt-])otato plants to these nutritional treatments, 
this experiment, nevertheless, afforded an opportunity for studying ('ortain 
physiogenic abnormalities of plants grow’ii on no-borax ])J()ts. The induced 
disease is herein referred to as ‘^internal brown spot” bec'ause it is (*haracter- 
ized primarily by the occurrence of brown nein'otic areas in th(» flesh of the 
roerts. Inasmuch as the trouble has not been observed on plants sui)plied 
with borax, it has been attributed to boron deficiency. This report deals only 
wdth field symptoms of the disease and is offered preliminary to a more com¬ 
prehensive i)aper to be publislied upon the eoin[>letion of wnrk now^ in prog¬ 
ress. A brief description of some of the sym])toms noted herewith has 
already been published.' 

The symptoms on the vines and leaves were not detected until the latter 
part of August, about two months after planting, when some of the. plants 
on no-borax plots showed a restriction of terminal growth and shortening of 
tlie internodes. As the season advanced these symptoms deve]o})ed in vary¬ 
ing degree on nearly all of the plants on all no-borax i)lots. As the disease 
continued to develop, the petioles became curled and the terminals became 
stunted and distorted. In October many of the terminals died and vine 
growth ceased. The older leaves turned yellow and shed from the vines, 
exposing the crowns of the plants. Partial collapse of vines near the crown, 

1 Technical contribution number 1128 of the Houth (larolina Agricultural Experiment 
Station. 

2 Nusbaum, C. .T. Tnternal cork, a in'w disease of sweet potato of unidentified cause. 

Pliytoi)ath. 36: 18-23. 1946. 

3 Niisbaum, (\ ,1. Studies of the use of boron with swetdpotatoes. S. C. 57th Ann. 

Rept., 144-149. 3945. 
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piobabl> due to sunburn, was uot uiieominoii. A comparison of vines ou 
borou-deticient and healthy i)lants is shown in figure 1. These photographs 
were taken in mid-Oetober just before harvest. Both plants represented 



FU!. ]. (VmipariHou of vine growth ou boron-deficieiit and healthy plants, both of 
wliifli wi're grown in a high caleiiim, high-potasshiin blook. A. J»lant grown upon no-borax 
plot. Note the gnarled growtli eliaracterizod by «hortened internodes, eiirled petioles 
defoliation of basal portion of tin* vine, and distorted terminal, Plant grown upon a 
plot suj)plied with borax at the rate of 10 i»ounds i)er acre. Note the long unrestricted 
vino growth, flu* more or less regularly spaced nodes, and tlie straight petioles. 

wei*o ill the liigli-potassiuin block. The deficient plant (A) shoAvs 

the tvjncal g’luirled groAvtli characterized by short, irregular internodes, 
enrJed iietioles, dead terminal iiiid abscissed lower leaves. TJie liealthy plant 
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(B), whieli received borax at the rate of ]() poiiiuls per acre, sliows loii^, 
unrestricted vine jrrowth with more or Jess regularly spaced nodes and 
straight petioles. At harvest the terminals of such vines were still elon¬ 
gating. 



liG. 2. »Sw{!(*t-}n)tato roots pnxliiciMi io ;i Jow-crok'iiini, liigli'jiotassiiiiii hJcK'k. The 
healthy root (A) was produced on a plot whicli received borax at the rate of 5 pounds per 
acre. Note the symmetrical shape :ind smooth appearaiice. Tlie ext(*rual appearance of 
typical diseased roots is sliown in a dnmhelkshaped root (H) with an arrow pointintr to 
an exudate-covered canker, a loj>-side<l root ((!;, and a spindlins root (J); with a 
surface canker^ witJiout exudaU*, indicated hy an arrow. K. (Jross s<H*tioii of a di8(‘ascd 
root from a no-borax plot. X.de the uneven outline of llie root and tlie ai)pearanc(* of the 
indistinct spotting, especially in the cainbial zone near tin* periphery. 


At dijcgiiifi: Time tlie roots Iroiii no-borax plots sboAvcd varyiu}r dofrrees of 
both oxterual and internal defjeneration. Jii outward ai)j)earaucc they were 
niissliapen and the skin was roujrli and leathery in texture somewhat resem¬ 
bling buckskin. Many of the roofs ai)peared not to have filled out at certain 
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points, resultinf^ in dumbell-sliai^e, lopsided or spiiidle-sliape iiiatfonnations, 
such as those shown in fifjjiire 2, B, 0 and D. A smootli, well-formed root 
taken from a plot wlii(*h r(»eeived 5 pounds of borax T)er acre is shown in 
fijrure 2, A, for conii^arison. Severely aff(‘eted roots usually sliowed surface 
cankers which w'ere sometimes covered wdtli a hardened and blackened exu¬ 
date (Fif?. 2, B), the orijarin or nature of wliich has not been ascertain(‘d. 
The fleshy root shown in fijrure 2, D, liowwer, show^s an elonjrated canker, 
indicated by an arrow, without this exudate. Roots with th(» external symp¬ 
toms described usually, but not always, had a charaeteristi<i internal break- 
dow’ii, as sliown in fijrure 2, K. Tt always was found, however, in severely 
misshapen roots or in those with surface cankers. 

The internal necrotic areas were variable in size and brown with indis¬ 
tinct marfrins. They occnrred indiscriminately throufrhout the flesh but 
seemed to be most prevalent in the cambial zone iiear the periphery of the 
rool. The orijrin of the s])ots or the tissues involved has not been deter¬ 
mined. The flesli of roots w’ith internal brow n spot w^as generally of poorer 
color and of softer texture than that of healthy roots. 

The possible nutriti(»ual role of Ixwon in the sweet jmtato was first re¬ 
ported by Willis,who pointed out that small ap]>licationK of borax often 
prevented crac'kiu^ of tlie fleshy roots and im])roved the flavor and texture 
of the flesh. He also sujr<iested that darkening of the sweet potatoes, hitherto 
attributed to dama^»*e from chilling: at temperatures above freezing:, eould be 
(eliminated or reduced by the use of borax in the fertilizer. In the studies 
here reportc'd cra(*ked roots ocMnrred in small amounts in nearly all plots 
regardless oT rate ol* hoivix a])plied. Furthermore, the internal browai s])ot 
symptom here (h'sevihed developed in sw(*et ])otatoes which had not been 
exposed to temperatures bclow' 50'^ F., either in the field or in storagre, and 
was distinctly ditf(‘rent from tlie disc'ol ora lion and subsequent breakdown 
of the flesli comiiionly attributed to chilling: injury. Reave ct alJ' state 
hj*i(*fly that sAveet-potato ]danrs grown in the gretuiliouse without boron pro¬ 
duced roots liaving “dark streaked centers’' but clear-cut boron deficiency 
symptoms w’tu*e not observed in the field.—0. J. Nusbaum, Edisto Experi- 
meiil Station, Branch of ricmson College, Blackville, S. C. 

A Mctlunl for IsoJafiiif/ Siiuflr Ascosporcs from Apothecia. —This 

note deals with a snbjtvt w ith which tlie Avriter has not been in contact for 
many years but it is im])elled by the recent deatli of Professor II. H. Wlietzel. 
While serving as his assistant in 1917 the Avriter discovered a rapid method 
foi* isolating single s])or(*s from the apothecia of A^arioiis species of ffclcrofinia 
and related giMiera. The procedure for getting single-spore cultures as 
taught tlie Avriter hy Professor Whetzel consisted in siis})ending an apo- 
theciuun within and from the top of a large hell-jar so that the hynienial disc 

4 Willis, L. G. Apply borax to iinprovi* quality of H\v(‘(*t potatex's. X. C. Agr. Exp. 

Sta. Spe('i:il Circ. 1. lOlik i x- xt t 

'• R(‘avis Eldrow, A. L. TriiKM*, and V. p:. Hoar. Tlio boron needs ot New Jersty soils. 

X. J. Agr. Exp. Sta.’uul. 700. 1944. 
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faced downward. An open Petri dish containinji: nutrient agar Avas then 
placed within and at the base of the bell-jar to catch the spoi*es that floated 
down. The apparatus was left thus overnight. Later, the Petri dish Avas 
examined microscopically aud young cultures from individual si)ores Avere 
transferred to tubes. This method got results but i1 Avas laborious and 
favorable to contaminations. Not infrequently only very few ascospores 
were shed. In an ellort to improve the method, the Avriter tried imnu‘rsing 
the loAver tAVO-thirds of an ajmthecium in 05 per cent alcohol. Immediately 
a cloud of ascospores Avas ejeided. Taking advantage of this action, single 
ascospores Avert* isolated simply by placing tliree Petri dislies containing 
nutrient agar near a vial Avith enough 95 i)cr cent alcohol to cover the lower 
tAVO-thirds of the apothecium Avhen this Avas dropped^ into the Aual. In order 
not to interfere Avith spore disi)ersal, vials Avere selected that Avere not much 
taller than the fruiting bodies and in order to keep the apothecia in an up¬ 
right position to avoid getting alc{)hol on the hymenium, vials AV(‘re selected 
that Avcre only slightly larger in diameter than tlie apothecia. Immediately 
following immersion and the ejection of a cloud of asf'ospores, a Petri disli 
Avas momentarily opened in the cloud. This Sas quickly i-epeated with the 
second and third Petri dishes. Usually the last caught only a few scatten'd 
spores in perfect placement for isolation. Due to their short exposures, the 
plates usually Avere Avholly free from contaminations. 

Among the many apothecia collected by Professor Wlndzel Avere small 
ones, only a foAV millimeters in diameter, from wJii(*h it was very difficult to 
obtain spores by the bell-jar method. In applying the princi])les of the new 
technique, foreej)s we^re used to hold these apothecia face dowtnvard over 
nutrient agar in an open Petri dish. A needle that had l)(‘en dipped in aieo- 
bol then Avas lightly nibbeil against 1he outer layer of the frnitijig body. 
This brought about an innnotliate ejection of asc()S])ores. 

The advantages of the new metJiod are rapidity, e.vcellent si)ore dispersal, 
freedom from contamination, aud applicability to the smallest ajxdhecia. 
Possibly the method may be u[) 2 )licable to some other fungus fruiting 
bodies.—V. F. Tapke, Plant Industry Station, lh‘ltsvilJe, Maryland. 

Induced Bahlhcad in Souhian,^- -For five years tin* Iowa Stale College 
Seed Ijaboratory has b(*en investigating the possibility of indexing com¬ 
mercial lots ot seed lor their reactioji to low tem])ei*atui'e in Pythiuin-inf(*st(*d 
soil at ditferent moisture levels in terms of their res[)ous(^ when j)lajited in 
the held under conditions unfavorable to germination. In addition, a study 
has been made of tin* relative alnlity of seetl j)rotectants to j)reveiit seed 
decay and seedling blight Avhen seeds are germinated iu Pythinm-ijife\sted 
soil. In April, 1944, treated and nontreated seeds of Bansei soybean Avere 
planted in a mixture of Pythium-iiifested soil and sand Avilh moisture con¬ 
tent ot about lo i)er c(*nt, according to tlie j)rocc(liire d(‘scribed by Kice^ and 

' .fouriial Papt‘r No. .l-DilS of tho lt>\vn AgiiciiUunU Kx)>tM iniciit Station, Anu‘S, 
Iowa, l^rojpct -No. 4*J7. 

Kit'c, N. W. Tin* (lrv(‘lonni(‘nt aiui ovahiatioii of soed lahoratorv imdliods for dtder- 
niiuing the pri*s(‘iK'i' and signi/icance of c*«M'tain soil-honu* aji(i seod-borne org.'iiiisnnj. 
Unpublished doctor'w thesis, Iowa State (College Jdbrarv. 1944. 
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P J*<^'yoPnta<t€s of normal and **haldhf‘ad*’ sredlhu/n from irraird and 
nontrcalcd soybean seed planted in I’ythUim-infesled soil, Iowa, Utio 




7 days cold soil 


10 days cold soil 


'J’reatmcnt 

Kanro 

Lincoln 

Kanro 

J jin coin 


Na 

Ba 

N 

B 

N B 

N 

B 

Nontreated 

49 

8.2 

43.8 

39.2 

52.8 21.8 

39.5 

37.2 

R(‘in. Jr. 

70 

7.2 

72.8 

19.5 




Wpergou 

83 

1.2 

95.0 

o o 




Arasan 

85 

0.2 

98.2 

0.5 

89.8 0.5 

95.8 

0.75 


^ N - iVormnl seedlijigB, H— Haldheads. 

Poi-tcr.^ The soil used ^vas luitiiralJy iiilVsted witli Piffhinm (jvaminicoJa 
Suhr. and P. dv Banjannm Hesse. The flats eoiitainin<r the seeds were placed 
ill a room witli a constant tein{)eratiire of* K)® C. for 7 days, tlieii transferred 
to an adjoining; room at 26^ to 28*^ (\ At the end of 5 days in the latter 
room the seedlin^^s were examined and classified as emerjjced, normal, and 
ahnormal. Pnnui(*ides iis(hI were Arasaii, Sjierjron, and Fermate. 

Amonj? the seedlinjrs classed as abnormal wt‘re a iiiimbej’, produced by 
nontreated se(*d, that resembled “baldheads.”'*•Close examination revealed 



Fkj. 1. Scodliiif^s of T.iiifoln soybean jjrown in Pythinin-infested soil at 10^ 0. for 
sevpii days follo\ve<l by exposure at (\ for five days. Left, treated with Arasan. 

Ki^^bt, not treated. 

Porter, 3L H- Testin^j the quality of seeds for farm and garden. T<»wa Agr. Exp. 
Sta. ]?es. Pill. :i:U. 11)4-1. 

4 Borthwiek, H. A. Tliresher injury in baby Lima beans. Jour. Agr. Res. fU.S.] 
44: 503-510. 1932. 

"•Harter, L. L. Thresher injury a eauso of baldhead in beans. Jour. Agr. Kes. 
[U.S.] 40: 371-.W. 1930. 
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that the plumule had tailed to develop because necrosis of the primary leaves 
had occurred early in the j*:ro\vUi of the plumule. In many cases axillary 
buds had developed at the base of the decayed plumule in seedliny:s that were 
three or four inches hijrh. (H* 400 nontreated seeds ])lanted, 18.2 per cent 
produced “baldheads.” The percentafre of baldheads from treated seed was 
1.4 for Arasau, 0.65 for Sperg:on, and 4.4 for Fei'inate. This particular lot 
of seed when tested in sand at 26*^ to 28"' C. jrave 90 i)er cent noi’nial seedlings 
Avith no baldheads. 

In April, May, and June, 1945, seeds of Kanro and Lincoln soybeans 
from the 1944 crop Avere selected for test. Tests in sand at 26^-28° C. yave 
95.5 per cent normal seedlinjrs for Kanro and 98.0 f>er cent normal for Lin¬ 
coln. No bald heads” Avere imxluced. Treated and nontreated se(‘d of 
these tAvo lots was then planted in Pythinni-inf(‘sted soil and held for 7 or 10 
days at lO'' C., then transferred to a room at 26"'-28° C. The counts of 
emerj^ed seedlings gave results as shown in table 1. 

In figure 1 are shown a IVav normal and "‘baldhead” seedlings of the 
variety Lincoln. 

To determine the effect of Ioav teinperatun^ alone seed of both varieties 
Avas ])lanted in sterilized sand and the flats Avere held 10 days at 10° (). before 
trajisfer to the warm room. The results showed om* j)(‘r cent “baldin'ad” 
seedlings each I'rom nontreated seed and Arasan-treated seed, res])ecti\ady. 
The percentages of normal seedlings Avere 93 and 94 for t!*(*at(Hl and non¬ 
treated, respectively. 

The data herein summarized indi('ate that soybean seed of high germina- 
bility Avhen phniled in Pythium-infest(Ml soil Avith a moisture content of 15 
per cent and retained at 10° ('. for 7 or 10 days may he expected to produce 
a high percentage of “baldhead'' seedlings in Avhieh the plumule is either 
killed or partially decayed.—K. IJ. Poktkk, loAva State Polh^ge, Ames, loAva. 

Rclalivr Rcsi,if(nic(' and Snscepfibilitjf of U.S. :J}:j and U.IS. .V/.V Linoi 
Beans fo Liina-Hean Mosaic. —^iJuring the summer of 1945 two j)romising 
strains of Lima beans Avere being increasiM] tor distribution uud(*r tin* desig¬ 
nations U.S. 243 and TT.S. 343. Trial plantings Avere also made at numerous 
ox])erimeut statiems^ and in a fcAV home gardens. In June a diseased spivi- 
men of U.S. 343 apparently affected with mosait* Avas brought to the atten¬ 
tion of the writers. An examination of the garden from Avhich this ])lant 
came shoA\Td that two 20-foot roA\% one of U.S. 243 and one of U.S. 343, had 
been planted end to eml. Of the 49 plants in the roAV of U.S. 343, 33 had 
3nosaic; while all ol the 33 plants in the roAV of U.S. 243 app('ared to be free 
of the disease. Inoculations to appropriate hosts indicated that the mosaic 
was caused by a virus similar to the one described by Harter.^ (Ireenhouse 
inoculations (Tanle 1) substantiated the field observations. Inoculations 

1 Magruder, lioy, and R. K. Wester. A preview of two new bush lima beaus. Market 
iClrowers Jour. 74: 23. 194r). 

Harter, L. T . Mosaic of lima beans {PhaacoJns lunatu.^ viaerocarpu.*t) . Jour. Agr. 
Itcs. [H.S. I 66: 805- 006. ,1038. 
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TABLIO ].—The relative xtixeejililiitUfi of JJ.S. and I’.S. did to livia bean 'mosaic 


Str.M ill 


V.H. Ii4:\ 

u.s. ;i4:i 


Noiiiiiociilated 


1 


Total No. 
plants 


No. (liMoasod 


Total No. 
plants 


No. diseased 


(» 

97 0 


87 0 

145 93 


1‘roni U.S. 243 to toliai'eo showed that this Lima strain was resistant and not 
a symptom less e.arrier of the virus. 



Fid. 1. F.S. 31:*., suseeptihle to rJnia-bean mosaic. 
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The resistance of TLS. 243 and susceptibility of U.S. 343 (Pij?. 1) is an 
interesting ease since both these lines are selections from the same Ford- 
hook xSieva cross. Harter demonstrated that Fordhook is resistant to the 
virus; while Sieva is susceptible. Apparently in developing the tAVO Lima 
strains, a resistant and a susceptible line Avere isolated by chance. This 
situation is another example '* * of ho\v» in selecting for desirable horticultural 
characters, genes for resistance may be lost unless particular attention is 
given to the ])athological phases of the breeding program. 

Mosaic in Lima beans lias never been serious in the past, even in the ease 
of susceptible varieti(‘s, and is therefore likely to be of only tec'huical interest 
for some time. —Dkan Fj. Pryor and Robert F. Wester, Plant Industry 
Station, Beltsville, Md. 

** Pr^'or, Denii E. A unique ease of powdery mildew on R'ttuet* in tlie field. V. S. 
Dept. Agr., Plant Diacaso Koporter 25: 74. 194i. 

4 Wliitiiker, Thomas W., and Dean E. Pryor. Genes for resistanet* to powdery mildew 
ill Citnimis mein, Proc. Amor. Soc. ilort. Sei. 41: 270-2712. 1942. 
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The Statler Hotel will be headquarters lor the meetiiijrs of the American 
rijytopatholoj^ical Society at St. Louis, Missouri, Mandi 27-30, 1046. 

Make r<*servations before March 17 by writin<^ to the Housing? Bureau of 
the American Associatimi for tlie Advancement of Science, 900 Syndicate 
Trust liuildin^, St. Louis 1, Missouri. All requests for reservations must 
specify: (1) firsi, second, and third choice of hotel, (2) approximate ])riee 


of room desired, (3) date and iioiir of arrival and departure, (4) society 
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$6.00 & uj> 

$ 8.00-13.00 

1 )t‘Soto 
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$10.00-11-50 

.\ra.ic.stic 


$2.75-3.25 

$4.00 


Mark Twain 

.f2.7r>-'3.50 

$4.00-5.00 

$4.50-5.50 


Mayfair 

$3.00-0.00 

$4.00-«.00 

$5.50-8.00 

$10..50 & up 

]\reih(Mirnc 

$3.20-4.20 

$5.3(Mi.80 

$5..30-7.30 


Kooscvidt 

$3.(K> 

$»),o0 

$4.50 



All reservations must be made throu<*:]i the Housing Bureau. A limited 
luiniher of ac'tMnnmodations are available and it is sujrjiested that rooms to 
b(‘ occU])ied by two oi more persims be requested in yoiir reservations. 




MERTON BKNWAY WAITE 
,18Bo-l»45 

.J o n M W . Roberts 


The (leatJi of Merton heiiway Waite on June 5, 1J)45, marked the passiiijr 
ot another <>i* those cvirly workers who, by the brilliance of their discoveries, 
In^lped to create liie Hnrcau of Plant Industry and to establish public' (‘onfi- 
dence in the* usefulness of jilant patholofry. 

Horn 4anuar\- 23, ISbo, on a farm near Orejron, Illinois, in the botaiiically 
interestin^r Hock River country, he developed an interest in plants while still 
in hi*rh school, an interc'st that was paramount tlu*ou*xhont the rest of his life. 

Wiien he ejitered the University of Illinois, fj*om wJiic'h lie was gradnatc'd 
in 1887, his j)arents hoped lie would take a civil enj^ineeriu" course, but ins 
love for j)lants and tin* infliumce of Dr. T. J. Hurrill, Professor of Botany, 
soon jinwailed. After j^raduation he became an assistant to Burrill, but 
(iailoway, in his hunt for [)romisin<r younj^: men for his Section of Veg:etable 
Patholojry. soon chose him and from then. Xovemlx*!* 1, 1888, until his retire- 
numt in Ifh'lo. Waiter was a meml><*r of that or«j^anization and its suecessor, the 
Bureau of Plant Industiy. Fi'om 1901, lie was in cdiar^e of the Office, later 
Division, (d‘ Fruit Disease lnv<»sti«rations. He broujrht to the patholoj^ists of 
1 ]h‘ Dc'pai'limmt the tecdinic of isolatin**’ and jrrowin;^ bacteria and funjri in 
pure culture* on aidilicial media, which he had learned under Burrill, and 
laujrht it with cdiaracteristic enthusiasm iiot only to his colleagues iji the 
De])arlmen1 hut to many visiting inv(*stigators from cfolleges and universi- 
tic's as well. Om* of his grc*atest i)leasures was in teacdiing others 1ln*se 
methods and his own improvements. 

Waite will always he known for his work on blight of pomaceous fruits. 
ll(‘ Hrst d(*moustrated the dissemination of the pathogen by insects, an epoch- 
making discovc‘ry in the field of disease control. As an outgrowth of this 
work willi ])ear bliglit and primarily because of his keen powers of obser¬ 
vation, In* also discovered that most varieties of pear recpiired cross-polliiia- 
tion with other varieties to set an adeipiate crop of fruit. His proof of this 
fai't is a model of exact ex])erimeiital work tliat soon convinced the skejitics. 
This discovery, s(»on ext(‘nded to other fruits, lus profoundly affected 
orchard jilanting throughout llie world. Fifty years ago at the frantic 
re<|uest of grower organizations Waite organized and led a campaign of 
])ear-bligbt eradication, using methods largely originated by himself, that 
saved the pear industry of the Pacific (^)ast States frojii probable destruc¬ 
tion. The methods used and taught by him are used today with only minor 
tdianges. A few yonrs Jatej- and with the exercise of great patienee he con- 
vinciMl the hardheaded apidc growers of the SJienandoali Valley that the 
destruction of (*edar trees would prevent defoliation by cedar rust, thus Jay- 
htff tlie iouiKlatiou for tlic prosciit ledar-rnst laAV, His knowledge of fruit 

17r> 
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diseases was probably b(\voiid tliat of arij" investigator of his day, but in his 
iater years he published little. To his visitors and colleagues, however, he 
always gave bountifully of knowledge. 

Waite helped organize and was a member of the Federal Insecticide and 
Fungicide Board, which administered the Insecticide law of 1910, until 1924, 
when he reliiifpiished niembership in this Board to become a member of the 
Federal Horticultural Board, which established and enforced the Federal 
(|uarantine regulations until its functions were taken over b}’^ another 
agcjicy. Oji botli tlie.se boards his .services were distinguished, not only by 
his knowledge of plants, plant diseases, and horticultural practices, but by 
his .scientific attitude and fairne.s.s. 

Tn 1919 he was given the honorary degree of Doctor of Agriculture by the 
University of Maryland. He was a charter member of The American Phyto- 
])atliological Society, Fellow of the American Association for the Advance¬ 
ment of* Science', and a member of the Wasliington Academy of Science and 
other s(*ien1itic societies. He hel]>ed to found and was twice president of the 
Boliinical Society of Washington, in which he took a great interest up to the 
very day lie was stricken. He seldom missed a meeting and usually fur¬ 
nished the flowers for the annual dinner. 

Possessed of a ])]easant disposition and always smiling, Waite was po})n- 
lar with his associat(‘s and ahvays willing to he lielpfnl to them. His zest for 
living, wliicdi eontinued to tin* day of his final sickness, makes it hard for ns 
to realiz(‘ that he is gone. His re.stless energy gave an impi’ession of inde- 
striudihility that made death seem impo.ssible. 

In 1944, at the ag(' of 79, he revisited his foiMiier eolleeting grounds in 
Illinois with the eiithnsiasm of youth and returned to Washington with an 
interesting aei'ount of the botanical changes and the tinding of certain rare 
plants just where lie expected them to be. 

Those of us who wei*e Ids associates for many years will miss him, not 
only because of Ids si*ientitle attainments bin l)ecanse of his enthusiasm, bis 
kiudliuess, and au o])tuidsiic view of life that lasted to the very end. 

He is survived by his wife, Elizabeth Hurdle Waite, and two sons, Merton 
and Malden, both of wlumi are eajdains in the armed forces. 


SOTANK’Al. AVUlTINifs OF M. B. WAITE 
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THE LIFE HISTORY OF THE GOLDEN NEMATODE OF POTATOES, 
HETERODKRA ROSTOCHIENSTS WOLLENWEBER, UNDER 
JiONG ISLAND, NEW YORK, (M)NDITIONS^ 

B . . (.:• n 1 T Av () 0 1) AN J) B i> X A M . B u ii k k k 

(Accepifil for pu]>1ir;)tioii July 24, BMr>) 

INTRODUCTION 

At the i)reM‘jit time tliere are four iieiriatodojs known to cause daina^»^e to 
j)otatoes in the Unite<l States: the root-knot nematode {lltivrodvra marioui 
(Cornu) Goodey) and Scribner’s meadow nematode (Praiylmchus scrihncri 
Steiner in Slierhakoff & Stanley), botl* prevalent throuj^hout the ])otato 
acreages of the country; the i)otato-rot nematode {Ditylciichus dcstrvctfn' 
Thorne), occurring in a siiij^le area of Idalio; and the jxolden nematode of 
])otatoes {Ilrtf nnlvm rosturhli nsis Wollenweber). oceurrinfr in a sinj^le area 
of Lou»: Island, N. Y. The first two are ])revaleHt and commonly cause con¬ 
siderable loss in cro]) on Lonji Island. II, rostovliirnsis causes considerably 
more damage in the area of its occurrence but is of minor importanee wlien 
national crop losses are considcTed. The potential damage which inmld be 
expected from it, were it gcnt*ral, is our primajy consideration, for it causes 
major losses throughout tlie entire nortliern potato-growing regions of 
Eurof)e and tiie British lsl(*s. l.,eipcr" states concci-ning tliis disease: “Once 
its nature and importance had been r(*aJized, reports of its occiii’rence multi¬ 
plied so rapidly that, by the early post-war ]>eriod, practically all the ])otato- 
growing districts of liritain were kmm .i to have *oci of inft‘ction. Since 
then infection has x)rogressively increased in intensity so that to-day much 
of the potato land is ceasing to be economically ])roductive, and consccpicntly 
its once high market value has markedly de|>reciated.” 

While tlie golden nematoile of j>otatoes was Jiot discovered in tin* United 
States until 3941, our observations on the rate of its multipli(*ation and 
spread indicate that it was introduced into Long Island around 1930. By 
1934 there were a few i.solattMl si>ots sliowing poor ])otato growth and by 1938 
these spots had multiplied and recpiests for soil analysis had been made by 
the growers. In 3943 tl»e ])otato growth was ])oor throughoiit the field on 
which these si>ots liad been observed, and it was at that time that tin* causa¬ 
tive organism was identified. In 3942 a coojierative survey showed infesta.- 
tion in 14 fields totaling 434 ai*res. in 3943 as many as 23 fields totaling 840 
acres, and in 3944, 2fi fields totaling 918 acres. In the meantinn* the Stat(* 

1 Invcstigutioiis on this potato post uro o,;iitu*< 1 on ly the Division of Ncnnitology, 
Bureau of Pl.nit Industry, Soils and Agricultural Engineering, and the Division of Domes- 
tie Plant Quarantines, Bureau of Entomology and Plant Quarantine, both of the Agri¬ 
cultural Besearch Administration, V. S. Dei)artment of Agriculture; the Agricultural 
Exx)erimont. Station at Cornell University; and the New York State Department of 
Agriculture. 

Leipor, B. T. The potato eehvorm problem of tO'day. Jour. Hoy. Agr. Soc. England 
100(3): 03-73. 1940 . ‘ 
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of New York lias enaotod certain regulations to jirevent local and national 
dispersal of the jiest. 

During the suniiner of IDiJ we participated in a survey of the potato 
u:rowing areas of the northeastern United States, which Avas conducted co¬ 
operatively Avith the Bureau of Entomology and Plant Quarantine, TL S. 
I)e])aj-tuient of Agriculture. In this survey 1480 farms, totaling 48,156 
acres, Avere iiisjiected for the presimce of Ilrfaodfra rosiochieiisifi. Although 
the survey rejiresented a gen(*ral samjiling of the potato lands of 19 States, 
not a singh: instance of golden inmiatodc Avas obserAHHl. While our survey 
could embrace only the examination of represent at iA^e sam2)les and, Avhile 
negative findings are neAtu* conclusive, it can be stated that the odds are 
99 : 1 that Jess than 4 farms in 1,000 ami less than 2 acres in 10,000 are 
infested in 1h(» areas surveyed. It Avouhl a)>p(‘ar that H. 7'ostochiensi.H is 
wliolly or chiefly confined to a single area of Long Island at the present time. 
From the national standpoint this area of infestation is important as a source 
of in*\\ infestations and as a threat to the potato industry of the country. 


LiFF HISTORY OF THE NEMATODE 


Eggs and larvae of HfU rodna ruslfwlntitsis overwinter in the body of 
tlie dead femah* Avhich has been transformed into a broAvn, tliick-Avalled, pro¬ 
tective (*yst. In spring the eggs hatch and larvae emigrate from the cysts 
to atta(*lv potato roots. This activity is at least partially dependent ui)on 
temperature, and will b<‘ discus.sed later. The iiiA^ading larA'ae penetrate 
any part of the root system or tuh(‘rs, taking up a position Avitli the head 
near the vascular system. The posterior t>art of the body may completely 
or only partially entt*r the root. Figure 1 shoAVs the various stages of nema¬ 
tode develojuuent. Tin' first and second molts are passed through ra])idly 
! probably Avithin 5 to 7 days after invasioji) and there is little change in 
gross form during this period, though Ave belieA'e tin* sexes can be distin- 
g\tished through the thickening of the rectum ni the male. Contrary to the 
devt'lopment in 11. inarioni as given by Uhrislie and Cobb, * no molt appears 
to take i)lace in the egg. AVe believe tAvo molts taki* place in the larviform 
or slender i)eri<Hl, cAutlejice being a diUVreiice in the form of the cast-otf ])or- 
tion of tin* stylet (Fig. 1, Dl c? & C V) coarser striatiou of the first- 

stage cuticle. 

During tin* third stage (approximately 10 days after invasion) the pos¬ 
terior part of the body eidarges in both sexes, and may at this time break 
through the root epidermis if the sp(*cinn*n is lodged in a small root or near 
a root surface. During the fourth stage (^also about 10 days) the posterior 
])art of the body of the female continues to enlarge, very rapidly becoming 
spheroid, and many more specimens break through the root surface. The 
fourth stage male elongates, reassuming the vermiform shape, coiled Avithin 
the third sdage cuticle. During the latter part of the fourth stage the thick 


.'t (Miristic J K Mild (Jr;n*c* Slicrmim CMk Notes on tlie life liistoiy of the root-knot 
iu*n,Mtod<‘, Jlrh roilira mnr'wnL Prc»e.. lleiinintliol. S<k‘. WMshinglon 8: L>r;-2a. 1941. 



L^ig. J. Stages in the life history of Hctcroth ra mstochirnsia. Ijotteriiig ami iium- 
hering :irr*ingod to identify ('orresponding stages in liutli sexes. All ahont ihKJ 
A—Kgg < ontaining lorvn, sex undeterniinalde. 

11—-lijirva broken oat of i*gg (1st stage), sex nndeterniinable. 

<’9 ~ liarva (? female) in Lst molt. 

Dl Larva (? male; in eaily phase of Dl 9 — Larva (? female) in early phase of 
(?) 2nd molt. 2nd molt. 

—Same, in final part of (?; 2nd molt. 1)2 9 — I^arva (female) in final ^diase of 

2n() molt. 









ri<;. St:i^os in tlin lifV liistorv of lit tcroilmt rosltn'hh nsis, coiitimicd from fip- 
n«- I. I.ottoriiijr ;nid iinmluTinj; nrninjrcii to idontifv (•onvs|Mni(liii;' singes jji botli noxos. 
Ml jibout oDO 

M ^ — liorva, onl stajji* nialo. K1 9 — l-nrv.i, c.-irly ;’>r<l sta^^o fomalo. 

•:l\; —liarva, nuiltinp .‘Inl slajji- malo. I*::2 9 —Larva, lato .‘Ird sta^t* tVmale. 

.’.‘J,; -Larva, voiliiij: early -Ith staj;*' K.'i 9 - - l^arva, imdtin^^ ord sta^jo female. 

{ in .‘Ird eiitieleV 
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refractive cuticle of tlie ailult female bejrins to form. Prior to its formation 
IViiiales are practically invisible to the naked eye because of their trans¬ 
parency and protoi)lasmic <rray color. With the advent of the adult cuticle 
females turn opaque, waxy, or p(*arly-white, and thus become macroseopi- 
cally visible. This transformation jrives the impression of sudden, multiple 
emer^^ence from the root, althoujrh actually specimens of all stages can be 
found at this time, if examined inicrosco])icaIly, the posterior jmrtions of 
their bodies })rojecting outside the root. Specimens that have completely 
entered the root may subsequently break through its surface in the third, 
fourth, or adult stage. Males may either cast oi* n'taiii the cuticle of the 
third stage before proceeding to the final or fourth molt. 



-Fig. 4. Potrito roots inferted ivitli tirtrrodcra roslochicnsis, TiCft: Adult fcmnlc 
iicmntodcs shown ns s|du.*ru'nl bodies cdustcrcd on root, x 8 . Center; Tsoliit<*.d pieee of 
roed showlrij; om* ftniinle pressing through root siirfnee nnd sevi*ral rrnters where others 
hnve Inlleri out. Right: 2 isolated pieces of root; fi'inalcs glisten iimncdiately 

after l)eiiig removed from soil; 7 speciirioiis can bo found on extromo riglit-haiid root. 
X 4.0. 

During the IG days following the final molt the female turns from white 
to yellow an.l eggs are produe(‘d (Fig. 4). As th(‘ season ])rogresses, the 
females become golden, are finally transformed into a brown cyst containing 
eggs capable of overwintering, and the cycle is complete. In some instances 
hatching larvae were observed within yellow females as (*arly as June 16; 
we have been unable to verify this point, however, from preserved material 
of that date, although we have seen fully develojied larvae present in the 
eggs. Wo are therefore uncertain whether such eggs hatch normally, thereby* 
])erinitting larvae of a second generation to invade potato roots during the 
same season. It is known that invasion of roots (and tubers) continues 
througbout the growing season, but this could he the action of larvae from 
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old vyais. The e^jrs and larvae from a eyst do not all beeome active at tlie 
same time, but batch and emijrrate over a ])eri()d of years. 

To summarize, tlicn, it may be said that the nematodes ])ass throujrh the 
four molts Avithin a ))eriod of 23 to 33 days and bcj^in to produce ejrjrs con- 
taiiiiiij*: larvae within 16 days tliereafter. The entire jieriod from embryo- 
iiated ejrj^s to embryonated eg:<rs is not less timn 38 and does not exceed 48 
days. Duriiif); this jieriod, in the experiments of 11)44, tlu^ weekly mean soil 
temjieratures av(M’(‘ 59'^, 63°, 63°, 66°, and 69° P., chronolofrically. 


RKIiATlON TO POTATO HOST 

An effort was made to establish a correlation between hatchin*:^ «)!’ e^jis 
X)lus emigration of larvae, and soil temiieratures. Table 1 shows counts of 
ejrjrs and larvae jicr (*yst on April 25, May 5, and May 26, 1944. There was 

TABIjK 1. —Contents of cifsts of Ueterodera rostoehirnsis in rdution to daft, >n 
W4i. {Means of 10 cifsts from 10 samples of soil per datt) 





Niinilx'r foiiiid on 


Sfjigo of ncnintodc 



-- 

- . 



April t!r> 

M;iy 5 

May 2a 

I'-Kgs . 


07 

4.*; 

4:i 

l.iirvae . 


15 

15 

10 

tiotli eggs niul Ijirvac .. .. 


72 

5S 

55 


a definite reduction in the number of eg<rs in cysts between Aju’il 25 and 
May 5, indic'ating that hatching was taking pbu'C. Tin* number of larvae 
remained (constant between these* dates, which W(‘ interiiret to mean that 
emigration of larvae from the cysts kept pace* Avith hatching. There* is no 
ewielence of hatching between May 5 and May 26, imt emigratie)n e)f larvae 
cemtinued. Larvae* were first seen in potate) re)ots on May 9, in the e)bserva- 
tions e)f 1944. Lefeme that date Aveekly iimaii se>il tem]>e*ratures hael be'cn 
49° to 51° F. (between A])ril 7 anel 28), then sudelenly re»se* te) 59° F. fe)r the 
week of April 29-May 5. Thereafter they Avere 58° F. or highe*r. Eviele*ni*t* 
in previous years has in(lie*ate*el nemate)ele elormane*y at we*ekly mt*an tem})era- 
tures up to 54° F., but there was ne) such period in 1944. 

The life history of the iiemate)ele is inalte*rably linke*el with that of the 
pedato plant. A stuely was therefore made of the groAvth rate of the latter, 
with special reference to the influence of soil t(*inj)(*rature. Potatoes of (*ach 
of three varieties Avere planted in five randomized plots on clean and on in¬ 
fested soil, and were allowed to root. After one Aveek, a plant of each A'ariety 
Avas taken at random from ea(*h of the five clean and five infested plots, and 
its root system weighed. This process AA^as repeated Aveekly for the succeed¬ 
ing six Aveeks. Table 2 gives the total weights of each group of five plants 
at the various dates, together Avith the AA^eekly mean soil temperatures of 
those dates. It Avill be seen that the variety Irish (Gobbler is capable of some 
root groAvth at 49° P., AA’hilc Green Mountain and Houma are not. Both of 
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TABLE 2 .—W fight a in gnitns of root systems of ") potato varieties 


Vii ri(*t V 


Date 
(ia44) 

1 risli (%>l)lilei 

Green Mountain 

Honm 

a 

Mean soil 
temperatnrn 

Inf. soil 

Clean 

soil 

Jiif. soil 

Clean 

soil 

Inf. soil 

Clean 

soil 

(degrees F.) 

Apr. 25 

0.0a 

(».0 

0.0 

0.0 

O.U 

0.0 

49 

Mav 1 

0,0 

0.1 

0.0 

0.0 

0.0 

0.0 

49 

8 

2.5 

4.0 

0.1 

0.2 

0.() 

0.4 

59 

12 

8.1 

21.1 

0.9 

7.0 

1.0 

14.2 

58 

.>o 

2;i.5 

23.4 

10.1 

18.0 

J 2.0 

17.2 

03 

29 

34.0 

42.1 

19.2 

17.6 

33.5 

22.0 

63 

June 5 

33.0 

41.9 

18.0 

24.9 

45.0 

40.3 

60 


“ EiMiU weight is the tetnl of 5 root systt'iiis, 1 plant from each replicate. 


the latter are eapabJe of root jrrowtli at 58® Id (fomparing the growth in 
clean anti infested soils, nnftn’tnnatolj’^ we cannot attribute the differences 
solely to the effect of licit rodrra rostochicnsis since otlier nematode patho¬ 
gens [H. Hiarioni and Prafylcnchits scribneri) were also ])resent. It can be 
said, however, tliat root growth of all varieties was delayed in the infested 
soil. The difference between root growth in clean versus infested soil was 
greatest about May 15, after which there was a root stimulation or prolifera¬ 
tion in the case of plants growing in infested soil, that tended to reduce this 
difference. 

Observations from previous years had already indicated that Hcierodcra 
rosiochiensis caused minor damage to Irish Cobbler and major damage to 
Green Mountain and Houma. Injury shows in the form of delayed emer¬ 
gence and stunting of the plants, and reducctl yields of the crop. We believe 
that the relation of sjnung soil temperatures to nematode activity and to 
potato growth accounts for the differences in crop losses due to nematodes 
in the several varieti(‘s of ])otatocs. These relationships are shown in table 3. 

TABLE >).—Effect of soil temperature on growth of potato roots and invasion hy 
Jleterofh ra rosiochiensis 


Mean soil 
teinperature 

luvasion of _ 

GroAvtli of potato roots* 

11PTT1M 


- - -- 

(degrees F.) 

lit. n 

Irish (Vbhior 

Green Mountain 

45 

- 

i 

_ 

49 

— 

_ 

53 

(-) 

4 

? 

54 

i-'i 

4 

0) 

57 

(+) 

-r 1 

4- 

58 

(+) 

4 4 

4- 

59 

-i- 

4 1 

4- 

02 

■} -}- 

1 4- 

-1 + 


» (+) or (“) Activity or iiiartivity (of nemniodes or root growth, as the case may 
be), as based on circumstantial evidence. 

+ or - Activity or inactivity, as based on direct observations of specimens. 

+ + or — Pronounced activity or inactivity, as based on direct observations of 
specimens. 

Evidtmee from ]>reviou8 seasons indicates minor root growth of Irish Cobbler at 
4;!° E. and of Green Mountain at 54° P. 
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TABLE 4. —Tichls and prodnctitm rnsf.^ of J potato varif tirx in clean and in Jfctt r- 
odcra rostochicnai.s—infested soils 


Yield in (*\vt./jM*re Cost of produotion (in dolljirH)/(*\vt. 

Variety------- 


and year 

(Mean 

Mod. inf. 

Tteavilv 

Clean 

Mod. inf. 

Heavily 

soil 

soil 

inf. soil 

soil 

s(»il 

iiif. soil 

Irish Cobbler: 







1941 

3 72 


144 

0.85 


1.05 

1942 

192 


333 

0.80 


1.15 

1943 

338 

337 

70 

1.10 

1.10 

2.15 

3944 

135 

84 

82 

1.10 

1.80 

1.85 

Summary 

335-192 

84-137 

70-144 

0.80-1.10 

1.10-1.80 

1.05-2.1.5 

Green Mountain: 







3943 

1 18 

103 

58 

1.00 

1.45 

2.()0 

1944 

330 


32 

1.35 


4.70 

Summary 

110-148 

103 

:i2-58 

1.00-1.35 

1.45 

2.(i0-4.7e 

It w'ould seem 

that Irish (N)bbler can jrrmv 

duriii" 

the spriii" 

Avheii soi 


temperatures are between 45'' and 58^ F.. before mass root invasion by tin* 
nematodes oeeiirs. (Jreen Mountain, iiowever, be<»:iiis to j::row wbeii soil tem- 
])eratures are 54“^ to 58*^ F. Varietal differences in susceptibility to nema¬ 
tode dama<*:e are probably correlated Avith varietal differences in ability to 
produce roots at temperatures below those at wliicb nematode attack takes 
])lace. Differences in injury from year to year within a. ^^iven variety proba¬ 
bly depend upon the duration of mild sprin*.^ 1emperatur(»s Avlien the [dauls 
can "row free of nematode attack. 

To illustrate tlie importance of this varietal suscefdihility wi‘ have com¬ 
pared the crop yields and <'ost <if ])roduction of Irish fk)hhler and Green 
Mountain on clean, on moderately infesicd, and on heavily infested soils for 
the years 1041-1944, where our experimental data were availabh*, to^ietlier 
wdtli a summary for tliose years. On the basis of these figures (Table 4) avc 
may conclude that Irish Gobhltu* may or may not he protitahle on infested 
land, and that Green Mountain definitely is not profitable. 

All effort was made to correlate some jmtato yields of tin* entii-e Xassau 
County", L. I., iV. Y., from 1930 throuirli 1044, with our conclusions. To do so 
it was necessary to combine losses due to licit rodvra rttslttclnt iisis with thos4‘ 

TABLE n.— Yields of J potato vara to s for Xassau Countn. A'. V., as compared irilh 
early spring soil temperatiii<:s 


Yield in cwt./acre No. wks. with soil tem|)(‘ratiire nt 

Irish Cobbler Green Moiintnin 45''’-r>8" E. r)4°-.'58° F. 


1939 

96 

73 

3 

0 

1940 

191 

161 

8 

4 

1941 

139 

133 

5 

4 

1942 

192 

144 

4 

3 

1943 

141 

311 

6 

.> 

1944 

302 

84 

5 

0 
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due to H, marioniy since temperatures at wliicli the latter invades roots en 
masse according to Godfrey® are nearly identical with temperatures of inva¬ 
sion by the former. Table 5 gives a comparison of the average yields of 
Irish Cobbler and Green Mountain in Nassau County for these years, to¬ 
gether with the number of spring weeks during which the mean soil tein- 
]>eratures there were 45° to 58° P. and 54° to 58° F. The year 1940 was a 
banner 3^ear for potatoes from the standpoints of both county yield and dura¬ 
tion of root-growtli before nematode attack. On the other hand, the years 
19il9 and 1944 wei*e eharactorized by low" yields and, significantly, a short 
period (d* mild spring temperatures. It seems possible that the length of the 
period of mild spring weather is a major factor in determining crop produc¬ 
tion in areas infested wnth either //. rostochiensis or II. marioiii. 

Division of Nematoixkjy, 

Bureau of Plant Industry, Soils, axi> At4RTc'TTLTURAL Exoineering, 
U. S. Department of Agriculture, 

HiCKSVILLE, N. Y., and BELTSVlIiLE, Md. 

^ Godfrey, TI. Effect of tcniperntoiv mid oiidstiin^ mi in/matode root knot, 

.lour. Agr. Res. fU.S.] 3;^: 223-254. U>2G. 



THE FUNGUS THAT CAUSES SOOTY STRIPE OP 
SORGHUM SPP. 


Lindsay S. Olive, C . L. L e f e h v r e and 
Helen S. Sherwini 

(Acocptod for publication St^ptcmbn* 15, 1945) 

Tlie fungus discussed in this paper causes elongate-elliptical lesions on 
leaves of sorghum and related species (Fig. 1). It occurs in a number of 
the Southern States, in some cases in considerable abundance. 

Larsli (7) in 1944 reported Hiptorclla sorghi Ell. and Ev. on sorghum 
from Oklahoma and Arkansas. Subsequently (8) this identificalion was 
corrected to Titwvospora andropogonis (Miura) Tai, which is the name usu- 
ally applied to the fungus that causes sooty stripe of sorghum. As th<‘ 
writers Avere unfamiliar with Sepforella sorgJii, a specimen was re(j[uested 
and material collected in Oklahoma was kindl.y sent by I). A. Preston. The 
Oklahoma material agreed perfectly with that collected previously by one 
of the Avriters (Lefebvre) at a number of points in several Southern States. 

It has been assumed, heretofore, that the first description of the pathogen 
was that given by Miura (9) in 1920, when he described it on "" Andropogon 
sorghum Rrot. var. vulgaris^ subsp. japouicus Hack.’’ {Andropogon stm- 
ghiim (Ji.) Brot. subsp. sativus Hack. var. vulgaris Hack. subA^ar. japouicus 
Hack. - Sorghum xmlgare Pers.). Miura created a new genus for the fungus 
and called it EamuUspora andropogonis. He placed the gemus in a new sub¬ 
family of the Melanconiales. Tai (11), in 1932, transferred the species to 
the previoush' described genus Tiiacospora Bubak (4), another genus of the 
Melanconiales, making the name T, andropogonis (Miura) Tai. This is the 
name by which the fungus had been knoAvn up to 1944 when Larsh (7j 
rej)orted^ Septorella sorghi. 

In 1903, Ellis and Everhart (5) described Scpforclla sorghi on the leaves 
of Sorghum halepense (L.) Pers. collected by George W. Carver at Tuskegee, 
Alabama, in September, 1901. A part of the type collection of this fungus 
was kindly supplied by J. C. Gilman from the herbarium of Iowa State Col¬ 
lege. An examination of the fungus slunved that it was identical Avith the 
one described by Miura (9). Thus, S. sorghi Ell. and Ky. antedates Eamull- 
spora andropogonis Miura by 17 years. Ellis and Ev(Thart, howev(T, had 
mistaken the sclerotia for pycnidia, and apjiarently had not noticed that the 
conidia Avere branched. 

In two recent papers, Bain (2) and Bain and Bdgerton (3) have pointed 
cut that the fungus has been incorrectly classified and that the fruiting body 

i Formerly Pathologist, with the Emergoney Plant Disease Prevention Project, lUvi- 
sion of Mycology and Plant Disease Survey; Pathologist and Junior Pathologist, Division 
of Forage Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engi¬ 
neering, Agricultural Research Administration, U, S. Dept, of Agriculture, Beltsville, Md., 
respectively. 

The authors wish to express their approcintioii to A. G. Johnson for critical reading 
of the mainisci’ipt. 
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Fig. 3. Losiojis of tlio sooty stripe disease on sorglium. A and B, Lesions on 
sorghum leaves colieetod in tlie fit'hi; C, Lesions produced l>y inoenlation in the grwMihoiiso; 
D, Lesion produced by inoculation, showing sclerotia; E, Part of the same lesion as D, 
enlarged. 
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actually is moi’e like a sporodochinm than an aeervulus. The studies by the 
writers agree Avith this. 

Ill an attempt to determine the relationship of Seplorella sorghi and 
Tltacospora andropogonis and to establish the systematic position of these 
fungi ill the Fungi Imperfecti, all of the aboA^c-meiitioned material and other 
herbarium specimens Avere studied, as avcII as fresh material from plants 
artificially inoculated in the greenhouse. Studies Avere made also to obtain 
a better knowledge of the life history and parasitism of the fungus that 
<‘auses the sooty stripe disease. 

DISTRIBUTION OF THE FUNCUJS 

The fungus has been found on the following hosts in the States indicated. 
The reports not credited are based on specimens collected by one of the 
writers (Lefebvre). 

On. Sorghum halepciisv t^L.) Pers., Alabama (5), North Carolina, Missis¬ 
sippi; on S. vulgare Pers., Alabama, Arkansas {7), Florida, Georgia, Louisi¬ 
ana (1), Mississippi (10), Oklahoma (7); on S, halcpcnse xS, vulgare, 
Mississippi; on S. vulgare var. sudanense (??iper) Ilitehe., Florida, Georgia, 
T<»xas; on S. vulgare x S. vulgare var. sudancjise, Georgia. 

MORPHOLOGY OF THE ETTNGUS 

The mycelium, stromata, sporodochia, conidiopliores, conidia, and scle- 
rotia have been studied chiefly on field and greenhouse material of sorghum 
in variously stained free-hand and microtome sections of lesions. Phlo.xine 
in Patterson’s mounting fluid has been foumi satisfac'lory for hand sections, 
and safranin and fast green for microtome sections. Unstained dried and 
fresh material also has betm studied. 

The hyphae are chiefly intercellular in the parenchyma of the leaf tissue 
( Fig. 2, C) but arc intracellular in the acsscIs (,Fig. 3, U and 1)). In the 
A’cssels, the hyphae extend longitudinally in the leaf, thereby lengthening 
the lesion. Eventually the hyjdiae tend to aggregate just beneath the sto¬ 
mata to form more or less compact stromata from which tin* conidiophores 
arise (Fig. 2, B and U, and Fig. 4, B). Freijmmtly, the substomatal liyj)ha(‘, 
and the conidiophores arising fiom them, are few and not aggregated into 
compact masses (Fig. 2, A, and Fig. 4, A). Typically, the conidiophores 
mass together into a column, Avhich eventually collapses the guard cells (Fig. 
2. C, and P^ig. 3, A). These conidiophores usually extend to a jioint some¬ 
what above the epidermis and l»ear the conidia singly at their tips, and the 
conidia eventually become aggregated into gelatinous masses (P^ig. 4, C). 
With tentperatiire and moisture favorable for the funjj:us, the fructifiea- 
tioiis continue to develop and expand. The stromata, as well as the conidio- 
])hores, eventually become sclerotizcd (Fig. 3, A, and Fig. 4, D). Conidia 
continue to be produced iintil all of the conidiophores become sclerolized. 
The entire fructification may be converted into a black sclerotium which 
ceases to produce conidia (Fig. 4, E, a). Thus the fruiting structure with¬ 
out question is to be interpreted as a sporodochium. 
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Fig. o. a to G, liamulispora Horglii on (sorghum; A, yporodochiiim, showing sub* 
stoinulal stroma, conldiophores, and branched conidia; B, Developing selerotia; C and 1^, 
Hyphar in the vessels; E to G, Conidiophores and conidia as they appear inside the agar 
medium; II, a and b, Fused conidia of TUaeospora detospora. (All figures x945, except 
Jl, >: 4r,0.) 
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Fig. 4. Photomicrographs. A to G, Ramulispora sorghi on sorghum; H, Titaeospora 
detospora on Equisetum; A, Hmall conidia] fructification; B, Two young sporodochia; C, 
Sporodochium with mass of conidia; D, Mature, partly sclerotized sporodochium with 
conidia; E, Sclerotized sporodochium (a) and two sclerotia (b) ; F and G, Conidia; H, 
Accrvulus of Tifaeospora deiospora with exuding mass of conidia. (All figures x400* 
except E, y 155, and H, x 90.) * 
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The conidia ave lon^' and slender, liyaline, curved, taperiiij? gradually 
tOAvanl the apex. 38-86.3 x 1.9-3 p. They become 3- to 8-septate and pro¬ 
duce 1 to 3. usuallN' 2, lateral branches, which become 0- to 3-scptate and 
measure 5-53 1.1-2.5 p (Fig. 3, A, and Fig. 4, F and G). When the conidia 

are germinated on agar, their cells swell, often appear ehlam>'dospore-like, 
and send out nai’row germ tubes (Fig. 2, 1) to F). 

Most of the large black sclerotia that appear on the surfa(*(‘ of the lesion 
seem to arise ijulejtendently of the sporodochia, although it is not always 
possible to distinguish between sclerotized sporodochia and young sclerotia. 
If diseased plants are kept in an environment unfavorable for conidial pro¬ 
duction, only sclerotia appear, and many of these seem to develop from what 
would have been s])orodochia. In fact, if the lesions are placed in a moist 
chamber at this stage, some of the immature sclerotia ])roduce (‘onidia very 
readily. After the sclerotia have matured fully, however, tliey usually can- ^ 
not be induced to produce conidia. 

In descriptions from the Orient, the sclerotia have Ixvn described as 
occurring only in autumji (9, 11). Tii a collection sent by M. L. Lohmaii 
from Mississip])i. they were pj-oduced as eaVly jis June 11. Other records 
show that in the United States they a|>pear throughout the summer and 
autumn. Their occurrence is dependent, not so mmdi on the time of the 
year, as on the condition of the dying, diseased tissu(‘. 

The sclerotia, like the sporodochia, arise from the sub-stomatal stromata 
that give rise to columns of hyphae that pass through the stomata and form 
hemispherical masses of enlarged hyphal cells on tire surface of the leaf 
(Fig. 3, B, and Fig. 4. E, b). The entire structure becomes sclerotic. At 
maturity, the hemispherical bodies are brittle and easily broken off and dis¬ 
lodged from the leaf surface. Thes<* stderotia are hard, black, and tub(u*cn- 
late and measure 53-170 p in diameter. 

In order to determine how the fungus overwinters and how infectioji 
occurs the following spring, some heavily infected leaves that were covered 
with sclerotia were placed outdoors and left there through the winter of 
1944-45 at the Plant Industry Station. BHtsville, Maryland. On May 22, 
1945, some of the material was brought in and examined mi<‘roscopicaliy. 
The sclerotia were unchanged and Hac conidia were almost completely lack¬ 
ing. Some of the leaf fragments with numerous sclerotia on them Avere 
placed on moist blotting paper in a Petri dish and left overnight. The fol- 
lOAving day. many of the sclnrotia Avere producing conidia in great profusion. 
Gelatinous aggregates of conidia, like those already described, were observed. 
Frce-hand-sections of the material showed that the conidia W(u*e being ])ro- 
duced chiefly at the top of the .sclerotium where a group of conidiophores 
had appeared. Although tin* conidia are produced entirely outside the scle¬ 
rotium, the latter appears, superficially, like a pycnidium with conidia 
exuding from an ostiole. Some conidia were* observed arising from sclerotia 
that had been arrested early in their develojmient. Thus it appears that the 
sclerotia function primarily in overAvintering the fungus and that the conidia 
produced by them are the chief source of infection in the spring. 



194(5 i 


Olive t:t al. : Sootv Stkipe oe 8ok(Uiu.m 


197 


EULTUKAL PIIARACTERISTICb OP" TlJE FUNOrR 

Tlie was gjrown on various enltnre media ineludinj; malt, potato- 

dextrose, prune, corn-meal, bean-pod, and sorghum-leaf agars. In all cases, 
gr(»wth was rather slow. On all agar media, the fungus grew in raised, 
black, tough, tuberculate masses, appearing somewhat like an aggregation of 
sclerolia. Several weeks were refptire<l for good eonidial production. Co- 
))idia, similar to those on leaf lesions, were produced abundantly on short 
eonidiophores in light pink, gelatinous, cone-shaped masses all over the rough 
sui'fatte of the black fungal cushions on all agars, except malt agar, on which 
very few of them a|)p(;ared. 

In agar cultures, a considerable part oi' the fungal growth was beneath 
thr surface of the agar. In thin sections cut through the interior of the 
agar, small black specks were observed all through the me<liiim. An exami¬ 
nation of these under a microscope showed that they were small aggregates 
of swollen hyphaJ cells. Furthermore, the fungus was growing throughout 
tlic interior of the agar medium and spornlating there like a moniliaccous 
fungus. One to sev(u*al conidia were produced on eonidiophores of various 
](‘jig1hs, which arose froiu Ijyaline hyphae throughout the medium (Pig. 3, 
E to ii). The eonidiu were typical in appearance, except that usually they 
wer(‘ iarg('r than those produced on the sclerotia on the surface of the agar. 

Other culture media used were carrot juice plus 1 per cent dextrose, 
sterilized Stems of sorghum and Johnson grass, cowpea ])ods, and string 
beans. Again the fungus grew slowly in the form of conspicuous, black,' 
tiib(‘nMiIate masses. (Jonidia were scarce on all of these media except in the 
carrot-juice concoction, in which they were produced in abundance. 

An effort was made to find the j)erfect stage in culture, in material from 
th«* field, and in overwintiwd leaves, but without success. 

TAXONOMY OF THE FUNOUS 

The foregoing investigations have shown that the eonidial frnctification 
of the fungus that causes sooty stripe of sorghum, Sudan grass, and Johnson 
grass is a spoj odochinm and not an acervulus. This fungus, in some respects, 
is like Gloeocercos'pora sorqhi, recently described by Bain and Edgerton (3) 
on sorghum. Both fungi have sporodochia and sclerotia; but, as noted 
above, Ellis and Everhart (Ti) named the fungus Septorclla sorghi in 1903, 
thinking that the fruiting structure was a pycnidiiim. In 1920, Miura (9) 
established the genus liamulispora and described this fungus as R. andro- 
pogonis. In 1932, Tai (11) transferred the species to the genus Tiiaeospora 
Bubak, making th<» combination T. andropogonis (Miura) Tai. 

The g(Mms Tiiacospora Buhak, which has T, dciospora (Sarc.) Bubak on 
Eguiseivm as the type species, has true acervuli (Pig. 4, H). Bubak (4t 
eharacterized the genus chiefly by branched conidia produced in acervuli. 
Von Ilohnel (6), however, pointed out that what Bnbfik had taken for 
branched conidia in T. dciospovd in reality Avere not branched conidia but 
Avere conidia that Avere fused at or near their bases. The writers examined 
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aiitheutic material of T. dctospora on Eqaisetum and found the same type 
of conidial fusion as deseribod by Von Holme] (Fijr. 3, H, a and b). This 
being tlie ease, tbe fungus that causes sooty stripe eanuot go into the genus 
Titacospora, because its fruiting structure is a sporodochiiim and it has char¬ 
acteristically branclied spores. 

Miiira (9) described the genus Ramiiliapora as follows: 

'‘Melanconiales 

“JMelanconiales—Hyalorainulisporae. M. Miura, N. Siibf. Ranvnli- 

spora M. Miura, n. g. Sjiores eyliiidricai, flexuose, slender, branched, 

septate, other characteristics as in the case of Cplindrosporimn,^^ 

To be sure, Miura interpreted the fruiting structure as an acervulus, but 
the otlier cliaracters, including the branched conidia, agree perfectly with 
those of the fungus studied by the writers. The writers, therefore, propose 
that the generic name RamuU&pora be retaineil, but that it be transferred to 
the Tuberculariaceae, thereby abolishing Miura’s sub-family, and that the 
description of Ramulis 2 )ora be emended as follows: 

Sporodochia amphigenous, iirodiiced through stomata of infected leaves, 
arising fi*om sub-stoinatal stromata; coPidi op bores hyaline, simple or 
branclied, short; conidia acrogenous, hyaline, filiform, with lateral branches, 
produced in gelatinous aggregates; superficial schu'otia present. 

Since ptoroUa sorglvi Ell. and Ev. is the oldest sjiecific name of the 
fungus, the following is proposed: 

Ramulispora sorghi (Ell. and Ev.) Olive and Lefebvrc, Comb. Nov. 

Septorella sorghi Ell. and Ev. (5) 1903. 

Ramulispora androjwgonis Wnmi (9) 1920. 

THofospora andropogonis'Y'iu (11) 1932. 

Spots elongate oili})tjc‘al, with straw-eolor eenters, siirnnnided bv reddish-jnirple to 
tail borders according to the variety. Sclerothi ain[dngiMioiJs, gn-garioiis, snporficial on 
straw-color centers of lesions, sub-globose, coarsely tuberculatc, subcarbonaccous, 53-170 p,; 
.sporodochia, amphigenous, develop from sub-cpidermal stromata, becoming (‘rumpent 
through stomata; conidiojdiores fasiculate, 10-35 x 2-3 p;eonidLa filiform, with 1 to 3 
branches, 5-53 X 1.1-2.5 p, hyaline, curved, t.apering toward a]»ex 38-80.3 x 1 .li-3 p 3- to 
8-septate. 

On Sorghum half'pensc (L.) Pers.— Mabania, North C'arolinn, Mis.sissip]>i. 

Oil S, vulgare Pers.—Alabama, Arkansas, Plorida, Georgia, Louisiana, Mississippi, 

Oklahoma. 

On S, halepense x S. vulgare —Mississippi. 

On S. vulgare var. sudanenue. (Piper) Ilitchc.—Florida, 0<*orgia, Texas. 

On S. vulgari ^ S. vvlgare var. sudanensc —Georgia. 

In the original description of the fungus, Miura (9) gave 36-100 a 2-4 p 
as the spore measurements, and Tai (11) gave 47.6-106.9 x 2.04-3.06 p. 
While these length ineasurements are somewhat greater than those obtained 
by the writers, this diftereiice is not considered significant, as the length of 
spores of this type Jiave a wide range, being influenced greatly by the euviron- 
ment in which they are produced. 

PATIIOGENICITV OF TJIE FT7\(UJS 

Typical leaf spots produced by this fungus in the field begin as small, 
oblong, reddish-purple spots, which develop into consiiieiious elongate lesions 
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with piir])1ish borders and straw-eolur eenlers of dead tissue. This dead 
tissue usually is more or less densely covered with small black selerotia, 
wliieh may impart a sooty ai)pearuiice to the lesion (Fij?. 1, A and B), hence 
the e.ommoii name sooty stiijU! given to the disease by Bain (2). The spots 
are about etpialJy distinct on both sides of the leaf. 

In some varieties of sorghum, such as Leoti, and in Tift and Sweet Sudan 
grass, in whicli the purple leaf j)ignient is absent, the lesions luive a tan 
inst(‘ad of the purple border described above; and on Johnson grass tlie 
j)iir]de l)erder usually is not so i)ronouneed as in most varieties of sorghum. 
Mature spots, Jiowever, are easily recognized by the numerous selerotia on 
the siirl'ace of the lesions. 

ir the lesions are examined with a binocular microscope or even with a 
hand h‘ns after they have been taken from a warm, moist environment, 
numerous cones of agglutinated, tlesli-color masses of conidia can be seen 
arising from either hvif surface. Selerotia in various stages of development 
also may bo scattered over the same area. Both the selerotia and coiiidia 
appear to be somewhat more ahnndant on the lower than on the iipiier side 
of ihi^ leaf. 

Ill .1 nursery of sorghum varieties, kiiully arranged for in 1944 by J. D. 
AVaruer at the North Florida Experiment Station, Quincy, Florida, very 
light to UK'dcrate infections by J^atiiulisjwra sovffhi were observed on tlu* 
following \arii‘ties: Hex, JManter, (\)Ima.ii, Saecaline, Leoti, Denton, Box 
Orange, Sapling, Brown Durra, Norkan, Atlas, Silver Top, and Gooseneck. 

To determine whether symiitoms similar to those found in the field could 
he ])Todnced in the grt‘euhouse, plants of stn’ghum and related species were 
inociilatt'd in the spring of IfDo by s]miying four or five times over a period 
of two days witJi aipieous suspensions of conidia and liyphae made from cul¬ 
tures of liamulii^pora snnjUi groAvii on agar or in carrot juice. The latter 
me<lium was the most effective in producing large amounts of inoculum. 

'Pliree sei ies of inoculations were made. AVithin a few days after eaeh 
scries iiad been inoculated, small, seattered, purplish spots appeared on the 
leaves, hut uo couspi( nous lesions were observed until about lb to 18 days 
after inoculations had been made. During this period, tlie plants were left 
in the moist ehamlx^r most of the time. The lesions were mostly like those 
ohsevvoil in the field, although usually they were not so large (Pig. 1, C). 
AVIieii ]>Iants with mature lesiiuis were returned to tlie moist chamber, conidia 
appeared on the lesions in great abundance. At rhe same time selerotia also 
were readily })rodueod (Fig. 1, J) and E). A]>parcntly they were more abun¬ 
dant on })lants ke}>t in the moist chamber at this stage, allhongli they devel¬ 
oped also on those k('j)t outside the moist cliamber. 

The relative susceptibility of tlie sorghum varieties and related species 
inoeulated witli Bamulisjwra sorghi may be given tentatively as follows. An 
accurate interpretation of results, however, was not possible in every ease 
because many leaves on tlie test ])lants died or developed streaks before typi¬ 
cal lesions were produced. Heavy iiifeetioii was obtaiueil on Brown Durra; 
on Orange, Rex, and Sugar Drip sorgho; on AVIiiie kaoliang; on common and 
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Tift SiulaJi jirass; and on Johnson frrass. Moderate infection occurrod on 
Texas Blaekhnll kafir; on Saccaline, Minnesota Amber, and on Ilodo sorjjho; 
on Standard broom corn; on Dwarf Yellow and Martin inilo; and on Sweet 
Sudan <rrass. Light infections rc^siilted from inoculations carried out on 
Hont‘y, Early Folger, Atlas, Ict^berg, and Tjeoti sorgho; and on Plainsman 
inilo, Spur feterita, and Early Hegari varieties of sorghum. Wherever the 
large conspicuous lesions appeared, they developed the typical straw-color 
centers and })urpJe borders, except in varieties where tht‘ purple pigment 
was absent in the heaves. 

SUMMAKY 

The morpliology of the fungus that causes sooty stript' of sorghum, Sudan 
grass, and Johnson grass is described. Mature lesions caused by the fungus 
usually ai*e covered by numerous black sclerotia, have a straw-color center 
and arc surrounded by a conspicuous i)ur])le border. In a moist atmosphere, 
sporodochia push through the stomata and jiroduce conidia in light pink, 
gelatinous masses. These conidia are filamentous, curved, and se])tate, with 
I to 3 lateral branches. Small, black, tulvu-culate sclerotia also are producctl 
in large numbers through the stomata. The fungus overwinters b^' means of 
these sclerotia, which germinate to i)roduce conidia in the spring. 

The fungus may be cultured on most artificial meilia, but develoj)s very 
slowly. In culture, it gfow\s in the form of raised tubereulate, black mass(*s, 
on which the conidia appear in light pink, gelatinous aggregates. Inside the 
agar medium the organism grows and sporulates like a moniliaceous fungus. 

Typical lesions with sclerotia, sporodochia, an'd conidia have been pro¬ 
duced readily by inoculating sev(*ral varieties of soighum, Johnson grass, 
and Sudan grass in the greenhouse. 

The genus Benmdispora is emended and transfeiTcd from lljc Melauconi- 
ales to the Tuberculariales of the Fungi Imperfecti and the new" eombinatinn 
Ramuliapora sorghi is made. 

Plant Industry' Station, 

Beltsvillk, Mary'land. 
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ANT IINDE8CKIBED EAR ROT OF CORN CAUSED BY 
PHYSALOSPORA ZEAFA 

Arnold J . IT l l s t b u r 

for publication September 30, 1945; 

INTRODUCTION 

For the pnst years an ear rot oC eorn {Zcae maya L.) Jias been 

i'oimd in Indiana that eonld not be identified ’with any of the kno'wn diseases 
of eorn (»ars. Diu'ing: the period that the disease has been under oi)servation 
it iH'ver ijas been found in great abundance. In 1944, liowever, its pi’ev^a- 
lejice reached as high as 10 i)er cent in some JocaJilies in tlie east-central and 
southern areas of the State. 

The causal fungus remained unidentified for a number of years because 
it ilid not jiroduce fruiting structures either on infected ears in the field or 
in pure culture. Recently it was induced to sporulate on certain media, 
tlH‘reby facilitatiug its proper identification. 

The present iiapcr describes the symptoms of tlie disease as it afl'eets ears 
of corn and reports experiments to establish identity of the iiathoy’eii. 

SYMPTOMS 

The first indication of infection is premature bleaching of the liusks of 
the ear. As the disease progresses the fungus mycelimn cements the husks 
to i‘ach other and to the kernels. At this stage, the more or less felty, wliite 
my<u‘jiuui is ohsecvable on and between the kernels (Fig. 1, A) and, when 
th<* ear is broken, the jiitli of the (*ob has a cliaracteristic slate-irray discolor¬ 
ation and is doited with black sclerotia (Fig. 1, H ). 

As tlie dis(*ase ctuitinues to develo}), myceliuui grows betMeeu tJie liusks, 
ov<*r the kern ('Is, and within Die cob. The white felty layer of mycelium 
ht'lwceii the inner husks soon shows irregular blotches and streaks of gray, 
partl<‘uhwl.\ near the base of the ear (Fig. 1, B). At this stage, when the 
in lection is well developed, the kernels often are speckled because of the 
formation of black s(*lerotia beneath tlie pericarps (Fig. 1, U, D, E). 
lL‘avil\ infect(‘d kernels ofttui are black at the tiji, the coloration (Extending 
for var\dng distances toward the crown. AVlum ears are kept moist Tor a 
long time, as may occur in rainy weather or when the ear is in contact with 
tin* ground, or Avlieu the ('ar contains a higli ptTcentage of natural moisture, 
the se(*d coat lias black streaks (Fig. 1, F). Sections tJirougli badly infected 
kernels show the embryo to be completely overrun by black mycelium of the 
fungus. Beneath the seed coats of such kernels black stromatie layers of 

1 C\)()porative hivcHtigations between the Division of Cereal Crops and Diseases, 
Diireau of Plant Industry, Soils, and Agricultural Engineering, .Vgriciiltural Research 
Administration, United States Department of Agriculture, and the Department of llotany 
and Plant J*atlK)l(»gy. Purdue University Agricultural Experiment Station. Journal 
J^UK'r No. 200 of the Purdue Ibiiversity Agricultural Ex])eriment Station. 

-Pathologist, DiNision of Cereal (h'ops and Diseases. 
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mycelium are freqiuuitly seen (Fipr. 1, G). There is some sliredtlinjr of the 
cob at tlie base of the ear, but this is not so extensive as in Nijrrospora cob 
rot (Fijr. 1, 1). Completely rotted ears have dark gray husks, and cobs and 
kernels are reduced to a dry gray-black pithy mass (Fig. 1, B). 

Infection takes j)lace generally near or tlirough the butt of thi‘ ear, but 
oecasionally ears are found Avhere infeetioii was initiated through the tip. 

In many resj)ects this ear rot closely resembles Diplodia ear rot. ])articii- 
larly in initial phases of its development (Fig. 1, A), ami the two diseases 
may easily be confused if superficially observed. The slate-gray color and 
the presence of black sclerotia in the cob are symi)loms distinguishing this 
disease from I)ii)lo(lia ear rot in relatively early stages. The gray mycelium 



Fkj. ]. 'J’ypical symptoms producvd by tin* gray-t-ar rot fungus. A. Early .stag«; of 
infection; note similarity in apponraiice to Diplodia lar rot. li. Advanced stage of the 
disease, with blotches of gray inyeelium between the hu.sks. D. E. Speckled crowns and 
faces of kernels due to sclendia beneath pern-arp.s. E. Kernels with black striatioiis. 
G. Badly infected kernel, showing gray-black coloration t»f tin- germ and lieiieatli peri- 
caip. H, Cross section througli an iiiVecteil ear, showing d«*vi*lopment of sclerotia. I. 
Rase of a diseased car, showing the shredded end of the cob. J. 'rvj>ieal lesion on i-oin 
leaf caused by Phjfsahhspora ::t nf. 


between the busks yml the black sclerotia bciiculh the pi*!*i(*arps of the 1«um*ucIs 
arefcattiivs that further diffci'cntiatc it. lu advanced stag<‘s, the gra\ -bbu*k 
color and dry pithiness of com]>letely cars are distinct from symptoms 

of Diplodia ear rot. 

In order to avoid confusion with a Pliv’salospora car rot (xu'iirfing in 
Florida and caused by Physulaspunt n iculn Fll. and Kv., tlje (uimmon name 
“gray ear rot” is suggested. The name, gray ear j-ol, is <ieseriptive of tlie 
ilistinetive gray color of th(‘ linsks ami tlie appearance of the interior of the 
cob. 
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ATTEMPTS TO INDUCE THE FUNGUS TO SPORULATE 

The ear-rot fungus was grown on a variety of vegetable extract agars 
including potato-dextrose corn-meal, malt-extract, oatmeal, Lima-boan, 
prune, corn-leaf-decoctioii, and carrot-extract. Plates of each substrate Avere 
dmded into two groups, one of which was held in the dark, the other in 
diffuse ligljt. Cultures were incubated in a temperature range of 20° to 
24° C. The fungus was also groAvn on synthetic agars in which the carbon 
and the nitrogen sources AAere varied both qualitatively and quantitatively. 

AVilli the exception of malt-extract agar, none of these media sui)ported 
dcA'elopnient of any fruiting structures. On malt-extract agar small botryoid 
masses were found on old cultures that had been incubated for 6 Aveeks. 
These masses Avere carbonaceous clusters of black pycnidium-like bodies bear¬ 
ing minute, ellij)tical to oblong, hyaline spores that failed to germinate. 

A number of investigators (4, 7) have demonstrated the production of 
fruiting structures by certain fungi Avhen stimulated by the presence of 
other fungi or bacteria, or their extracts. Accordingly cultures of the gray- 
(‘ar-rot fungus Avere seedt^d on eorn-ineal-extract, oatmeal, potato-dextrose, 
and malt-extract agar iu dii-cct association Avith Diplodia nac (SchAv.l Lca*., 
X HircKspora ort/zac (Berk, and Br.) Peteh, G-ihb( nUa Koe (SeliAV.) Petch, 
GibhereUa fujikuroi (8aw. ) AVr., and Jlrhmnihosporiitm iurcicuin Pass. In 
another exjieriment these same fungi Avere groAvn in li(juid culture on malt 
extract, ]K)tato-dextros<‘ extract, corn-meal extract, and (.^zapek’s medium. 
After 14 days these staled media Averc steriliz(‘d by passing through Seitz 
filters, added to li<{uefied agar, ]>oured iii Petri dishes, and seeded Avith the 
gray-ear-rot fungus. In b(4li experiments the cultures Avere incubated in 
diffuse light at room temperature (21° to 24° C.) for 6 Aveeks. Sporiilaticui 
failed to occur cither in direct association AAuth or on media staled by otlier 
fungi. 

Natural substrates, iiicludiug Avbole oats, Avhole wheal, Avhole c‘>rii. 
polished ri(M , eoi*ii meal, oat straAv, soybean stems, carrot, green bean, and 
))otato tuber ])lugs, Avere stm*ilized and seeded Avilh tlie ear-rot fungus. These 
cultures were inoibated iu diffuse light at room ttunperature. No fruiting 
strnetures Avere ]>roiluced on any of these media, Avith tlie exeeption of soy- 
))eaii stems. On tlu* soy])caii stems tlie pyenidinm-like bodies, mentioned as 
oc(Mirring on aged malt-(‘xtract agar and bearing minute iiongermiiiating 
spores, Avere sparsely produt'cd. 

Young cultures oT the gray-ear-rot fungus groAviug on potato-dextrose 
agar AV(‘]*e irradiated Avitli iilti*aA*iolet light provided by a Cooper-HcAvitT 
4 amp., 900 Avatt, T>.C. lainji. The enllures Avere hehl 37) cm. from the lanq) 
and exposed, Avithout filtration, from 10 to 240 seconds, llyplial tip trans¬ 
fers from tlie margins of the colonies treated for 10 to 180 seconds grcAv nor¬ 
mally. Transfers from colonies irradiated for 210 seconds ceased to grow 
24 hours after having been implanted on fresh agar. Transfers from cul¬ 
tures exposed 240 seconds failed to groAV. Iu none of the surviving cultnr4‘s 
did s])ornlation take place. 
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Kernels removed from diseased ears were held frozen in ice cubes for 
2 days to 4 weeks, after which they were removed and planted in moist cham¬ 
bers or surface sterilized and plated on ajmr snbstJ-ates. Portions of dis¬ 
eased ears were partially burie<l in sand in the j 4 :reenhonse. Some of these 
were kept constantly wet, others were alternately moistened and dried. 
Infected ears were placed on the surfatje of the soil out of doors for several 
months during the winter and examined in the spring. None of these treat¬ 
ments of diseased host material stimulated formation of fruiting bodies. 

In view of the negative results obtaiiu'd in attempts to imlnce sporulation, 
so as to facilitate identification of the gray-ear-rot fungus, intensive studies 
on this phase of the problem were discontinued until f urtiier leads from field 
observations migiit come to light. Although fruiting structures were prc)- 
dueed in limited numbers on malt-extract agar and soybean stems, the failnri* 
of the spores to germinate precluded com])letion of the life cycle of tin* 
fungus. 

TIIF. Or<. rUKEN(’l-: of IUIVSALUSFOHA ZEAK stout in INDIANA 

In Septem])er, 1043, leaves of corn bearing relatively large lesions were 
found in widely* separated localities in the State. These lesions were tan to 
grayish broAvn and rang<*d from P 2 in<*hes to 4 x IS inches. Scatttred over 
the surfaces of the lesions were numerous small, l)lack, erumpent structure.^ 
suggestive of some typ(* of fruiting ])ody (Fig. 1, -I K In several fields exam¬ 
ined the tassels and flag leaves of some plants were bleached out and tlie 
tassel necks, or uppermost internodes innnediatfOy bel(»w the tassel, were 
inclined at an angle. The bleached conditiem of these j)arts stood out iu 
marked contrast to the grecji leaves and utn'iglit tass( Is of b<'althy ])lants. 
Some elliptical lesions on the tassel necks were water-soaked while others 
Avere dry and gray-hrowii. Black .structures sinjilar to those on the leaf 
lesions, Avere scattered over the .surfaces of dry lesiojis on the tassel necks. 

Examination iu the laboratory slunveil these fruiting structures to be 
immature, but after 7 to 10 days in a moist chamber, pycnidia and ])erilhecia 
matured. These fruiting structures Avere tentatively diag»iosed as Mncrt>- 
phama zeae Telion and Daniels, and Plnjsaloajjora ccr/c Stout, ronipari'son.s 
Avitli the type .specimens of the.se fungi definitely proved the identity of the 
Indiana collections.'^ So far as can he delerinined this is the first record 
of these fungi in Jmliana. 

In the lesions on tassel iie<dvs Avej*e a fcAV pycnidiurn-likc bodies bearing 
very small hyaline, single-cell, non-germinating spores. These bodies Avere 
similar to the structures that appeannl sparsely in certain pure cultures oT 
tile gray-ear-rot fungus. Tiieir ju-esence ou liost mat<‘rial infected Avitli 
Pfiymfospora zca^ and also in ])ure cultures of the fungus, suggested that 
P. l af and the gray-ear-rot patliogcn might be related. 

Isolates derive<l fi'om siiigl<» pyciiidiospores of Marrttphoma zraf and I’l'oiii 
single ascos[>ores of Physalnsporn :nu‘ Avere strikingly similar, iu cultural 

3 The writer i.-Ji ijidcUtod to lAr, \j. K. Tchoii for tlie j>nvilcgo of examining <*(t]l<*ction'< 
of this material in the herbarium of the Illirois Natural History .Survey. 
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behavior, to eaeh other and also to isolates (d the jrray-oar-rot fungus. 
Further observations on the similarity in eolony characteristics and growth 
rate between M, zeae, P. zaae, and the ear-rot fungus were made oii a number 
of agar substrates. On pll the media used, no differences among the three 
isolates were evident. The characteristic growth habits of the three isolates 



I'lG. 2, ronipnrisoii of rhysalospora ^ear, Macrophoma and the gray-ear-rot 

fungus on four agar sulistnites. C’olunnis, loft to right: 7*. zeae^ M. zenr^ and the gray- 
o;ir-rot fungus. Rows, top to bottom: Malt-oxtraot agar, i)otato-doxtrosc agar, corn-meal 
agar, and Czapok ^s-solution agar. Cultures were 40 hours old and had been grown at 
room temperature, 21" t<» 24" C. 

on four media arc sliowii in fijrure 2. On potato-dextrose agrar these isolates 
ftrew very rapidly and a colony held at 21° to 24" C. g:eiierally covered the 
entire surface of the a}rar in a fl-eni. Petri dish within 48 hours. The my¬ 
celium of the young: colony is white and of a loose, cottony texture. 'Within 
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5 to 8 clays, the sub-aerial niyeelium turns jyj’ay at the center of the (M>lony; 
and in 14 days the entire colony, when viewed from the bottom of tlie plate, 
be(*omes a dark slate-pfray. Later f lie aerial my(*elium becomes projrressively 
darker and assumes a felty texture. 

Comparative jrrowth rates of Macrophomu zrfn\ Physalusporn zcac, and 
the ^^ray-ear-rot pathojren were obtained on potato-dextrose aj^ar. Because 
of the relatively rapid growth rate of these isolates, special lonji: tubes were 
constructed so that measurements of the daily growth of the fun<>:us could 
be made. The tubes were a[)proximately 15 inches lonjr and each was pro¬ 
vided with a depression in the jrlass on one si<le near the mouth. This de- 
jiression served as a dam to hold back the melted ajrar until it solidified. 
These tubes [irovided an ajrar surface about 12 iiudies loji<r and 1 inch wide 
on whicii the fungus could jrrow. Tubes were seeded in duplicate, each with 
a uniform amount of mycelium of one of th<‘ three isolates, and incubated at 
21^ to 24® C. Twenty-four hours were allowed for the transfers to become 
established and tlien daily measurements were made of the p:rowth incre¬ 
ment. The mean daily growth iiK-rement, measured for 8 days, was 32.1) mni. 
for I\ lau'f 32.5 mm. for M. z((u\ and 32.4"mm. for the {rray-ear-rot fuujrus. 
This similarity in jrrowth rate amonjr tlio three isolates is further su^»‘^u»stive 
of tlieir relationship. 

Tn the i*ourse of studyin}|^' Physalospora lan , M(fvroph(nna z(a< and the 
jjrray-ear-rot funjyus, it fre((uently was found that colonies ceased {growth 
24 to 36 hours after beinji’ transferred to fresh a*»:ar substrates in Petri plates. 
Sub-cultures from these colonies also failed to ^^row. 

All ex[)erjment was set uj) to determine tin* rate of loss of viability amoiijr 
different cultures and factors that mijrht influence it. Several cultures of 
each of the three isolates were jin.-wu in P(*tri plates on Czapek’s-solutiou 
ajrar, Czapek's-solution a«rar plus 2 per <*ent autolyzed yi*ast, 2 per cent malt- 
extract aj>:ar, and potato-ilextrose a^rar. The mltures were replicated 6 tiuu*s 
on each medium. Transfers from each younjr colony were made at 24-hour 
intervals to fresh plates of the resptn-tive ajiar. 

Between the 6th and 10th transfers, all cultures on those media su])]>ort- 
in<r abundant and rapid j^rowtli, namely 2 i>er cent malt-extract a^^ar, potato- 
dextrose a^rar, and Czapek^s-soJutioll a<rar j>Jus 2 j)er cent autolyzed yeast, 
had died. The culture's carried on CzapekVsoIution ajiar, where *rrowth 
was sparse and slow, maintained their viability throuc'h 30 consecutive* daily 
transfers, after which the experiment was discontinued. The rate of loss of 
viability apj)(*ared to be directly ])ro]»ortioual to the rate of jrrowth of tin* 
fuufrus. Isolates can be carried on potato-dextrose ajrar slants for indefinite 
periods, if they are not fre<|uently transferred. It may also be pointed out 
that Macruphowa zenf and Physalospura lan in host tissues lose their via¬ 
bility after 12 to 14 niontiis when stored at temp(‘rature.s and liumidities 
commonly encountered in laboratories. The ^ray-ear-rot funjrus, it has also 
been found, dit\s in ears held over 1 year in the laboratory. 
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KVIDENOE OF TJIE RKLATJONSIIIJ> OF THE ORAY-KAR-EOT FUNOTTS 
TO T»IIYSAL0S1^0RA ZEAE 

Tli(‘ marked similarity of Macropkoma zeac, Physalospora zeae, and the 
o; ray-ear-rot fiiny:iis in eultiiral behavior, growth rate, loss of viability, and 
the a|)|)t‘aran<'e of a presumably nonfnnetional fruiting structure in the life 
e\’eles of all three, stimulated further efforts to determine relationship more 
(‘omrliisively. 

Single ])yenidiospore eidtures of MarrophonKi zvac, single aseospore cul¬ 
tures of Physniospara ivar, and mass transfers of tin* gray-ear-rot pathogen 
were see<led on sterilized whole wheat, polished rice, corn meal, and (*orn 
stalks. Sufficient wattn* was a<lded to j)rev(‘nt drying out. The corn stalks 
W(Te pla<‘ed in one-tpiart Mason jars, the other inaterials iji 250-ml. Erlen- 
m(*yer flasks. All cultures were held in a greenhouse where temperatures 
and light intensities Yari<Ml over wide ranges. 

After aboni (i weeks black, sj>heri(*al bodies w<*re round on the surfaces 
of tin* (*orn stalks. Many of these api)eared to have burst, revealing masses 
of whit<* ]is(*udoparein'hymatous tissue. Nojie of tin* unbroken structures 
contaiin**! spores. At the (*nd of 4 months (January to April) mature i>yc- 
nidia wen* first observ(‘d. These api)eared in all mdtures on the sterilized 
(*orn stalks ( Fig. .‘1, K). Xo fruiting bodies were observed on the other sub’ 
strafes, (jlose examination ainl measiirement of the ‘‘second generation^’ 
pycnidios|)orcs r(*veah*<l that in size, sha]>e, and (*olor they were indistin- 
ijuishable from the spores of Macrophoma zeat found on host material col¬ 
lected in the field. Isolates from these ])y(*nidiospores grown in pure cultun* 
were identic-al in cultural behavior and growth rate with cultures of ^J. z(’a<\ 
Physalospora zroi, and mass isolates from kernels of diseased cars. 

The dev<*lot)ment, in ]>inv culture, of pycnidiospores from isolates origi¬ 
nating from single ascos]U)res of Physalospora zrar appears to be adequate 
evidence that P. zraf and Mavrtiphoiaa zeac are the sexual and asexual phases 
of tin* vame fungus. The production of these j)ycnidiospores, in pure cul¬ 
ture, from isolates derived from the gray-ear-rot fungus demonstrates rather 
conclusively that the heretofoir unidentified ear rot is caused by M. zrar. 

Furtln*r evidence* of the identify of the ear-rot pathogen was provided by 
inoculation of corn ears in the field. Inoculum was i>repared from young 
eidtures of Mavritphoma uac, Physalospora :<af\ and isolates from infected 
ears by macerating the mycelium from each ami susp(*nding the hyphal frag¬ 
ments in water. Inoculum was similarly pre])ared from cultures grown from 
“se(*ond generation” ])ycnidiospoivs. Each of the suspensions derived from 
tin* soun*es des(‘ribed were inje(*fed, by means of a hypodermic needle, into 
;i() to ()() ears of a single-cross liybrid on August JI, Il>44, one week after the 
hybrid came into full silk. Final examination of the inoculated ears was 
approximately 80 days later. 

Tnfec'tion followed all inoculations and no differences were observable in 
the symptoms produced. The symptoms on artifi<*ially inoculated cars were 
indistinguishable from those on naturally infected ears. 
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THE TATTSAL IT^NUUS 

Ill 1927 Tehon and Daniels (11) adequately described Macrophoma zcar 
and the leaf symptoms produced by the fungus. The measurements and 
descriptions g:iven by tliese authors are: Pycnidia round to oval or even 
lenticular in cross section, spherical to applanate in longitiuUiial section, 
developing in and oecui^yin^ the mesopliyll, membranous becoininj:^ car- 
bonous with age, 65-120 p in diameter; ostiole protruding hypophylloiisly. 
usually through a stoma, nonrostrate, oval, 28-.‘15 ,15-17 g. Spores con¬ 
tinuous, hyaline to greenish, fusiform, 17-31 \ 6.5-8.r) p. 

The measurements of material collected in Indiana ( Fig. 3, B, D; aro 
asfollo^vs: Pycnidia round to oval, 75-150 in tiiameter, found in the meso- 



Fig. .3. Fruiting bodies an<l spore forms ot A. Ascd ai»d 

«porcs, x'ir>0. B. A crushed pyeiiidium showing inenidiospoivs, « r»0. {\ (Voss soeticm 

of a cluster of pyciiidium-like structures produced on iniilt-» \trn< t ng.'ir, x ir*. I>. Pv<- 
iiidluspores, x 200. E. Mature pycnidia on thi* surface of a corn stalk in pure culture, • U. 
F. Surface view of an infected tassel after 10 days in a moist chamber, sliowiiig dcvel(*)>- 
ment of pycnidium-like structures, y 6. G. Pycnidium like structure dis>M‘cted nut of linst 
tissue, X 25. H. Nongrrminating microspores (stained ), '40(b 

phj’ll, carbonous, and ostiole protrudiiisr liyjxiphvllously. Spores 1-e.ell, oval 
to fusiform, hyaline to dilute {rreenisli amber. 10-88 « 7-14 ^ (mean - 27.1 . 
10.2 p). The differences noted here between the Indiana material and that 
of the original description are very small and may he accounted for by tlie 
normal variation expected. 

Stout (10) in 1930 described Phyttaldupoia uat ami the symptoms it pro¬ 
duces on corn leaves. He observed the association between P. teat and 
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Macvophoma ztat in the same lesion and sup:i?ested that they may be pcrl’eet 
and imperfect stages. No (*iiltnral experiments wei’c done to prove this con¬ 
nection definitely. The measurements and descriptions given by Stout for 
P. zcae are as follows: 

Perithecia located in mesopliyll, o]>ening by a minutely papillate ostiole, 
externally earbonous, globose, 75-235 jj in diameter. Asci cylindrical, 
straight to curved, stalked, dou))le-walled, outer wall thickened especially at 
the apex, 85-150 x 13 -22 Para])hyses obscure, hyaline, filamentous. Spores 
S per ascus, arranged sub-biseriately, hyaline to very dilute olivaceous, 1-cell, 
narrow ellipsoid, 19-25 x 6.5-H p. 

The Indiana matei*ial (Fig. 3, A) had the f(»llowing characters: Peri¬ 
thecia developed in nu'sophyll and protruding by a short neck, earbonous, 
globose, 80-250 p in diametei*. Asci c^'lindrical to long clavate, hyaline, 
double-walled, outer wall thickened at the apex, 8-spore, but occasionally 
4- to 6-spore, 90-175. 12-18 p. Paraphyses sparse, hyaline, filamentous, 
apparently branclnul. Spores narrow ellipsoid, tapering to narrow rounded 
(Mids, hyaline to very dilute and)er, arranged oblhpiely in a sub-biseriate 
order in the ascus, 21-33 ^ 8-11 p (mean - 26.8 > 10.0 p). 

The iiycnidia ])roduced in pure culture from isolates derived from single 
j>ycnidi()spores (»f Macvoplunna ita<\ single ascospores of Phifsalospora zra*\ 
ami from mass isolates from diseased k(‘rnels differ(*d in certain respects 
from those o(M*ujTiiig on host leav<*s. In pure culture the ])yenidia were pro- 
diKMMl iji clusters on the surfa(*e of the substrate (Fig. 3, E). In nature the 
jive nidia are scatterc<l and sub-e])idermal, with only short necks protruding. 
It is int(‘res1ing to note in this eonneetion that Nishikado (8) was able to 
gi’ow pycni<lia of .1/. y( nlfonnls [ V'ialo and iiavaz) (Viv. in pure culture, and 
observed a tliifereiiee in growth habit and structure frojii those arising in 
nature on infeettMl h<jsr 1 issue. Tins author points out. however, that pye- 
nidiosj)ores deveIoi)ed in pure culture were identical with tliose found in 
nature. The “stvoud generation" pyciiidiospores of M. zcae grown in pure 
culture correspemded very (dosely in all respects to those occurring on dis- 
easeil leave.^ in the field. The s])ores measured 14-33 . 8.7-14 p, with mean 
of 26.2 .10.6 p. 

The ])\ eiiidinuidike strm-tures occurring on host material in the field 
( Fig. 3, F, (i) may la* described as follows: Pyeiiidia oecurriug in mesopliyil, 
('arl)ouous, glol)ose, 150-250 p in diameter, protruding with a long neck, 
sometimes bifnreate and rarely trifurcate. Microspores tiumerous, hyaline, 
1-eell, 2-4,8 '1-2 p i mean - 4.0 1.6 p), exuded in droplets of a hyaline 

umcous-like matrix, nongerminating <Fig. 3, II). 

The structures ot'cui’riiig in luire culture on aged 2 per cent malt-extraet 
agar and on steriliztal soybean stems Avere slightly dilferent (Fig. 3, t ). 
These Avere found in clustei-s on the sui*face of the substrate and aaci-c Avith- 
out the ])romiiit‘iit necks found in juiture. The size, shape, and color of the 
mierospores, as Avell as tin* characteristic of failing to germinate, Avere the 
same as those fotiud on host material. The differences between these bodies 
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as developed in pure eidture and as toiiiid on tlie liost ai'C of tlie same order 
as tliose betAveeii the fuuetioual pyeiiidia found iii ])ure eulture and tJiose 
found on loaves in the field. 

It appears reasonable to eoneliide that tliese struetures are a si>ore form 
in tJie life eyele of Physalospora zv(i(\ siiiee they were found both in pure eul- 
tiire and on eolleetions of host material. Beeause tlie spores did not jrermi- 
nate, eontinued observation on the life eyele, usinj*: these sjiores as a ])oint 
of origin, has thus far been impossible, aiul the eontention tliat they are a 
inirt of the life eyele eannot he irrefutably jiroved. 

Preliminary observalions on these apjiarently nonfumdional ])yenidia 
indieate that environnaMit may ]day an important part in determining tlu‘ir 
abundance. '\Vln*n host material was kept constantly wet in a moist ehamla‘r 
and under low lijilit intensities few of these struetures were produeed. When 
material from the same lesion was jdac-ed in a moist chamber, in a jrretMdionsc 
Avliere dryinjr out of the chamber fre<|nentl\' took ]>laee and lij^ht intensity 
was hif^di, lar^e nnmhers of these bodies were tiroduced and functional pyc- 
ni<lia and perithe(*ia (leveloj)ed only sjiar-n'ly. 

i)is('rssi(»x 

(Jray ear rot has occuriM'd sjiarsely in Imliana since and specimens 
have been collected in otlnn* sections of the Porn Jh»lt. In 1044 the j^M*ay eai- 
rot was widely distributed in the southern and east-('cntral areas of th<‘ State 
whej'c, in s(mie localities, its jirevalence ranp:ed up \o as hijrh as 10 per c<‘nt. 

The ^eo^‘j*aphical ranjje of the iliseast* is unknown. Init it seems likely that 
it will be found scattered ovm* an appreciable ]>(U’tion of Eastern pnited 
States. IIof)j)e i o) lias i*cjK>rted annually on the relative prevalence and 
«i<*<»jrra])hical distribution of corn ear rots for the jaudod from 1033 to l!M2. 
In thest» reports he cited a nonsporniatinu unidentified fuitjitis which oc»'a 
sitmall\' rea<*hed apprcciabl\' hiL’’li perccnta.Lies in samples of corn <*ollcctt‘d 
from terminal markets oji tin* Atlantic Seaboard. Jle also n‘porled this 
fun<rus in corji sam]des from the P(U*n Ikdt and a ft‘w Southern Stales. 
(hdtur(*sof this fungus ami of l^hysithispunt have been cxchanired with 

IToppe and hav<* bt'cn fouml to be v<‘ry similar in app<*aratice and urowth 
ra1<‘. While enitnral beliavior eannot he employed as pt>.sitive evidence that 
the fmitrns isoiate<l hy ]Io])]»e is P. itat. \ et the similarity is su^^^jest ive. 

In P)33 Eildinsand \^)orh(vs (.3) reported Physftinsjujni n in/hi Ell. and 
Ev., the ])erlVct stae-e of Diphtdia frmiifnil Ell. and Ev., as a patho^Litm of 
corn ears atnl stalks. This orj^anism dilf<*rs <|istitn'tly from I*, mu in the 
symptoMis it produces on <‘ars and in its morj)holo«;y. The asei of /^ :rirnltf 
measure 03 14(1 • 1(1-13 p, the ascosj)or<*s 1){ 27 b- 11 p. 'fln^ asexual sljtees 
of these species are strikingly different from t*aeli other. The pyenidiosjairi's 
ot J). frnmi'iiti are dark, striate, and 2-ee]|; tliose of AMai vophoma mte arc^ 
Jiyaline, smooth-wall, and 1-eelJ. 

The assoi'iation of the *»:enns P/ntsfflos})fn'(t with fisexiial stajres in the 
j.renns Macraplu^nta lias been ])ointed out in a nnmher of instanees. Bonar 
(2), liy means of (Milttiral exiieriment, demonstrated the (‘onnection b<Mw(‘en 
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I\ if ids (KS(»lilei(4ier) Shcm*. hihI M. ilicella (Sace. and Peuz.) Berl. and Vogl. 
Nose (9) proved M. kuwatsukaii Kara to be tlje pycnidial stage of P. piricola 
Nose. 

The role, if any, of tlie iiiieroeonidia found in Fhysalospora zeae is un¬ 
known. AJtijough all aiteinj)ts to geriuinate tliese spores in water or nutri¬ 
ent solution havx‘ been uiisueeessful, it is possible that they may serve as 
sp(*nnatia and are able to fertilize receptive bodies, as yet unobserved, that 
continue their development as ascocar]>s. On the other hand, they may have 
.served as a fertilizing organ which, in the course of evolution of the species, 
lias lost its function and is unnecessary for the ])ropagation of the fungus. 
It is interesting to note that Jaczew.ski (6; mentions the presence of iiiicro- 
eonidia (0-5.5 x 0.5-1).7 f^i) in P. havrar C-av. and their failure to germinate. 
II(‘ considers these spores of doubtful signiticance in the spread of the 
fungus, liensaude (1), on the other hand, was able to germinate the micro- 
con idia of this fungus and grow normal cultures from them. These cultures 
produced macrocojiidia similar to those encountered on the infected host. 

The factors fav oring spread and dev(‘loj)ment of gray ear rot are not well 
nndcj'stood at the i)resent time. During 1944, when the disease reached tlie 
highest |>revalt‘n('e yet obsei'ved, weather conditions were generally dry 
throughout mid-snnuner. In tho.se areas where the disease occurred in 
Li’i'cattNt abimdaiice, appf*eciahle rain fell <luring the latter half of August. 
It i.s po.ssible Dial tin* snnuner drought favored conservation of inoculum 
until after silking when (*a!’s were in a receptive stage for infection. Further 
studies are needed to determine more ])recise]y the factors influencing tlie 
j)r<'valcnce of both the ear rot ainl leaf blight phases of this disease. It is 
uidvn(»\Mi wlndher overwintering inoculum on the leaves is delayed in matur¬ 
ing until ears ai*e formed or whether 2 generations of si)ores are produced, 
the si'cond of which infe<*ts the ears. It seems reasonable that the chief 
sourr<* of ino('ulum infecting ears arises from leaf infections, either those of 
tlie pre\ ions year or of the (Uirrent seasiui. Kvideiice to this ctfed was .seen 
in 1944 in a lit‘ld in ^\hi(‘h 10 ])er cent (U* more of the ears w<M*e diseased. Jn 
Nov(‘nd)er this .^ield had an al)undam*e of infected leaves bearing immature 
pei'ithecia and i)ycnidia. 

No control for tlie disease <'an be suggested at this time, other than the 
j)loving uu(h‘j* of infected coi’Ji n*sidnes. This methoil of control would be 
effective only if if wtuv pj’acticed by wh(4o communities, since .spread of the 
fungus can conceivably lak(» place easily from field to field. If a means were 
known of ])i*oducing large volumes of spores in pure culture, some progress 
might be nunh* in differentiating resistant and susceptible inbred lines under 
conditions of artificially induced epidemics. Ihuler the present ciiviim- 
staiu'cs, observation on the relative resistance of inbred lines and hybrids 
will hav(* to be made undiu* (‘oiiditions of natural infection. 

srMM.VKY 

'fhe occurrence of an ear rot of com. heretofore unidentified, is reported 
and its symptoms desei’ilxHl in detail. A common name, gray ear rot, is sug- 
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gested, it being descriptive, of tlie gray color of tlie busks and the pith of 
the cob. 

Experiiueuts were designed to induce the fungus assocdated witli gray 
ear rot to sporulate in jmre culture in order to facilitate ])roper identification. 

In Indiana Pfnfsofospora tear occurs on corn leaves and on upper inter- 
nodes of the stalk below the tassel. P. zvar and the gray-ear-rot fungus 
resenible<l each other in cultural behavior, growth rate, and loss of viabilitj^ 
in culture and in spcchnens of host material. 

(hdtures of tin* gray-ear-rot fungus and of Phifsulospora zvac grown on 
sterile corii stalks produced jmniidia and pycnidiospores identical with those 
of MncrophohU! zni(\ strongly suggesting that the gray-ear-rot i)athoge]i is 
M. zi'di , and that the latter is the asexual stage of P, zrac. 

Further evidence of this relationshi)) Mas obtaiiuul in field inoculations 
of corn ears, in M’hich symptoms caused by Phifsalosjfora zcae M’ere indistin¬ 
guishable from those develo)>ed on ears artificially inoculated M'ith Macro- 
phoma^ zvac or Mith isolates from naturally infetded ears. 

A third, heretofore uiirecogniztMl, ])yc^:idiuin-like fruiting structure, is 
believed to be a stage in the life cycle of Plnfsahfsponi hik , 

The distribution of tlu‘ diseas«\ factors atfecting its ])reval(‘nce and 
severity, and the relatioiishi[> of the rungus Mhit'h causes it to other species 
of PhifsaJospora are discussed. 

No control for the disease is suggested, other than (*l(*an cultural practices. 

PrimrE rNIVKKsiTY AciKKi’LTrUAL FXPEmME.VT Xtatiox 

AND 

United States DErAUTMEXT or AriUM ri/n’in;. 


LITEKATI KE liTED 

1. Al. Disf.Msi N of (’•rononiir |,!:ints in tin* Azorrs. Krw lUill. ATi.Mr. Itit'nnii. 

9: :{Sl-:i89. IllLNi. Mvv. Ap|»l. Aty»*ol. 6: HO. 1927. 

2. Boxak, Lkk. Studies oil soiiu* (’;ilifonM.i fuiigj. IJ. Myculogi;! 34; 1942. 

3. Kddins, a. H., iiud K. K. V<M)R1 !KF.s. rhynaUtsinfru c# troia on :iiid it.s tiixoiioiiiir 

ioid host Jvlation.s!ti|is. Phyt.ninth. 23: J93;i. 

4. JlKAi.Li, P, T)., and \V. W. Pool. The iiniiieiKM* nf idn'iiiiral .stimulation on the }oo- 

diicfion of ])erithecia liv M t hihuspara pam/K ana. Xehr. Agrii*. Exjit. Sta. T{e]d. 
22: 129-134. .1909. 

5. Hoppk, i^. E. itolative }u*'\alemM‘ and ;ieograpineal di.st rilmtion of various ear rot 

fungi in the 19.33 corn eroti. V, S. Dept. Agr.. Plant Dis. Ueidr. 18: iSti-lSP. 
1934. (See also 22: 231-241. 193M;23: 112-148. 1939; 24: 210-2i:i. 1940; 

25: 148~j:iJ. 1941; 26: 14.V149. 1942; 27: 199 2t»2. 1943.) 

(». .lACZKU.sKl, A. C’Ikt di<- T’ilze weiehe die Kraiikheit die Weinri'hen “Blaek Uot’* 
verur.sachf ii. Zeitschr. Jdlaiizenkrauk. 10: 2:'*7-*Jt;7. IJMia. 

7. McPokafack, F. a. J’eritheeia of Thularia hamvnia in rultinv and the stiiiililation 

of theii produetion hy extraets of tdlier fungi, (’onii. Agrie. K\pt. Sta. P»nll. 
2ti9: 0.39—.')54. 1925. 

8. XisniKAiiO, Y. (4ii a disea.-e of grape rliister.s caused l»y Vhysafnspura harcaf (‘avara. 

Ann. Phytojiath. Sor. .Jai*an 1: 2tMl. 1921. ih v. Appl. Mveol. 1: 1()1-P>2. 
1922 

9. XOi<K, F. On the ring disease of ]M*;irK and the rau.s,al orgaiiisni—(•Hpeci.'illv on its 

j»erfeet goneratioii Phpmlo.spnr,i pirivofa n. sp. Ann. Agrie. Expt. St;i.' (’honen 
7;ir)H-l(;3. 1933. Kcv. Appl. Myeol. 14: 040. 1935. 

10. STOi T, (4. L. New fungi found on the Indian (’orn plant in JllinoiN, Mve(dogia 22- 

271-287. 1930. 

11. Tfhon, E. 1?., and EE 'S . 1 )a\ikf..s. Notes on tin* parasitie fungi of lllinoiH—111. 

Alyeologia 19’: 110-129. 1927. 



A NPjW IIYPHOMYCIKTE PARASITIC OX A SPECIES 
OP NEMATODE 


C il A R L K S ]) H K c H S L K K 1 

(Apr(‘])ted for pulilicntioii October ], 1945) 


111 a Jiaper jiublishod in 1M41 (2), I described ns 10 iieiiiatode- 
destroyinfr liyi)lioniycc*1es Joiind neciirriiij^ in leal' mold and other decayino; 
vegetable mat<*rials ori^’iiialiiib'' frrim several localities in Maryland, Virginia, 
and Wisconsin. Though tlies<‘ fungi and their biological relationshiiis are 
not visible by direcd examination of the oparpie natural materials, they could 
be studied (piite conveniently in transparent maize-meal-agar cultures which, 
after being ])ermeated with PfiMutitu mycelium, had been further planted 
with small quantities of the partly decomposed detritus harboring the fungi. 
They all o])erate in a tyj>ioally parasitic rather than j)redaceous manner: 
their coiii<lia become affixed i‘xternally to the host eelwoimis by adhesion, 
and then individually thrust a germ tube through the integument to invade 
the lleshy interior with an assimilative mycelium. The 4 species ])resented 
under the binomials ArrastulafiinHs hartrosjjorns, A. nhorafuti, Ciphaln- 
spnrlnm biihiHtttfhs, and Spiraria covrnsiwva closely resembh* the insect para¬ 
sites assigned to the same genera. t‘.Kce[>t that their dis]>lay of re))roductive 
j)arts is far less luxuriant, oN\ing to tin* much smaller size (d' the animals 
serving them as hosts. Therr is good reason to hold that tlnvse 4 species are 
intimatidy related to the series of entomogenous forms distributed among 
Jcro.s7u/(/.qiaa.v, phalnsiiorlfnn, N/uVa/ a/, and such allied genera as Virti- 

Hnnivn io. They would seem trtdy kindred taxo- 
mmiii-all.N to tin* sptM-it*s of lint tin rut and Spicavid, for example, which 
becaiisf* of vlestrinUivein‘ss to the maiz»* Inu-er (4j. tin* maizt* earworm (1), 
tin* pine bark beetle ainl varit»us rim insects I'a', liave in recent tinn‘s 
j-er(»ive«l attentiim in tin* pagt*s of this journal. 

A fifth nematode-destroN ing hyphomycetc of similar kinship develojn*d 
abundantly in nn»re than a tlozen maize-meal-agar plate cultures that after 
being overgrown with mycelium of pifihftdit itltitmnn Trow had been further 
])lanted with small qtiantitie^ of partly decayed crabgrass ^Dtipiarta stitujttt- 
iidlls I L.) Scop. ) refust* <*ollcetcd fr»»m st*veral AVt*e<l piles near a community 
V(*getable garden in Ai'lington. Virginia, on April 2o, 1!)44. Although sev¬ 
eral sf)ei*ies <d' nematodes pi-escnt in tin* liceaying roftise nudti])lied freely 


ill tin* (‘ultnres, tin* fungus apparently restricted its attack to eelworms be¬ 
longing to a singit* speeii's, which lb*. (1. Steiner has kindly identified as 
l*itHtitjntlalmtts st(h( hutpdtns •, (’obb ) Tlnu'ue. (Irowth ol tin* paiasite within 
infected s[)eciuh*ns couhl not be iolloweil successiuH' while iiuasion was 
progressing, as all fleshy host structures, excejit the conspicuously resistant 
oe.so])hagus and oi*so])hageal bull*, soon undergo globuliterous degeneiatiou 

I Prithologist. Division of Fruit .‘oul Vcgcl.iblc rrop.s Diseases Dureaii of iMaiit 
Industry. SoiD. niul Agrivulturr.l Kuginecring. Agrieultura] Rese:m-h Ad nun ist rat. on, 
I’. S. Department of Agricultnrc. Plant Industry Station, Ueltsvillc. Alarylaiid. 
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jiiul tlier(*by offer oj>ti(*aI difficulties tluit prove all tlie more troublesome since 
the contents of tlie yonn^ liyphae are likewise proiiouneedly firlobiiliferous. 
Alter file host contents, aparl from the ratlier slowly evanescent oesophajrus 
and bnlb. have be(*ji largely assimilated by the fungus, and have been utilized 
tor th(‘ j)rodnction externally of eonidiophorous filaments (Fijr. 1, A, a, b; 

a ; (\ a, b; I), a-cj, the assimilative mycelium is more clearly discernible. 
In small eelworms it may <*onsist only of a sin*z:le axial filament exteiidinjr 
from head to tail, tojjr<‘tlicr with half a <lozen branches of variable lenjrths 
^Fi^^ 1, A). Animals of greater dimensioiis show con-es])ondinjrly mort* 
j)rofuse h\ phal <lcvc|opn»ent ( Fijx, 1, U, (^). thonjrh iji these also the ta|>erin<r 
tail is usually occupied i)y (»nly a sinjrle filament ( Fijr. 1, D). As lon<»: as the 
hyphae remain densely filled with jrlobulose contents few cross-walls can be 
st‘en in them ( Fij*-. 1, ('). It is unctu-tain wlu^tluu* at this sta^e (*ross-walls 
an* actually few or wh<*ther they an* in larjre ]>art obscured owiiij*: to the 
jiature uf the protoplasm wherein they an* immersed. At all events, after 
the hy])hal (*(mt(*nts have sulfen‘d some* redu(*tion in <lensity from the con¬ 
tinuous transfer of substance re<piin*d for formation of conidial ai)paratus, 
pai’titions may be distiniruished at fairly dost* intervals (Fijr. L A, B). 
Before lomjr. further transfer of substance entails complete withdrawal of 
cout<*nts from t(*rminal sc<^'-meuts of the myielium (Fi^'. 1, A, D), and there- 
up(m i‘vacuation of other segments proct*eds until the empty host intepfiiment 
surrounds oidy the (‘pually (‘jn[)ty and rapidly evauescejit envelopes of tlu* 
assimilativ(‘ lilaments. 

As in allit'd forms the (diaracter of the conidial ap])aratus ]>roduced by 
till* fuimus is iii'catly inffuem'ed l)y positional relatioJiships to the substratum. 
In insiauct*s wh(*re the animal host has suctuimbed on the surface of the sub¬ 
stratum tin* t'onidiophorous hyphae may at once *rrow ej*ectly or asi*endiiLc|y 
iiiti» the air t Fii;'. 1, A. a, i>; 1). a; F) ; or they may irrow ]>rocumbently for 
some tlistaiUM*. and then continue their further growth asctmdin^ly (Fi;r. 1, 
(\ a. b) ; o!’. airain, they may cimdude th(*ir jirowth whih* still i)rocumbent 
throughout their h*nirth { Fii*'. 1, 1>. a; D, b, c). In instances where tin* ani¬ 
mal host has succumbed under the substratum, but not in a deejily snb- 
mer^t'd position, the eonidiophorous hyphae usually make their way to the 
surfat'c*. oft«*n by widely diver‘;^imt paths, before < 2 ’ivin^^ rise to conidiiferous 
bi'auches, or |)hialides, from iheii' prostrate or theii* ascendiinj prolongations. 
Where, however, the animal lias succumbeil deej> undei* the substratum tin' 
eonidiophoi’ous hyphae mostly fail tc» reacdi tin* surtac'C. and will th(*n jiive 
rise* to ]»hialides in submerged positions. Submerj^ed and prostrate portions 
of (*ouidiophon»us hyphae show’ generally a rather widc'ly spaced arran»x^'- 
ment of ])hialides; many of the seuinents here b(*in^ sterile, many others 
beariuj: only a sin^dc* |)hialide (Fi^. 1, B, a; C, b; E, a-e), and tew bearing 
as many as 2 phialides (Fijr. 1, B. f, -). In the ascendinjr portions of 
eoniiiio])horous hyphae. on the (»lher hand, virtually all s<*^inents are icTtile. 
with many of tlu'm bt*arin.L^ 2 or .‘1 phialides. 

For tin* most ])art tin* |)hialides ai*e of the familiar flask-shape typo that 
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taper off distaJly into a sinvrle steri^iiia (Fijr. 1, C, a, b; B, a-j^:). However, 
instances in whieli tliey support plural steri^rnata are not altogether infre¬ 
quent (J"ig. ], A, u~z; 1), w'~z; (i; H, a-c). In such instances 2 (Fig. 3, 
D, w’), 3 (Fig. ], D, z), or 4 (Fig. 1. G) steriginata often project se])arately 
from the same cell, and must have b<'en put forth independently of one 
another; but often, again, a raehiform arrangement of sterigmatic ti])s gives 
evidence that an apical sterigma, after abstricting some conidia. grew out 
below’ its apex to form a second sporogenous tip (Fig. 1, 1), x, y), whieb in 
turn gave rise to a third i Fig. 3, II, a) and possibly, on repetition of the 
process, to a fourth and a fifth sporogenous tip (Fig. 1, A, v). Freipiently 
where plural steriginata of separate origin are i)i*esent, some may remain 
simple w’bib* one or more of the others undergo successive Beauveria-likt‘ pi*o- 
longatioii (Fig. I, A. u, w\ x; 0; H, b); so that in the end the phialidt* may 
offer a rather iiromiseuously appendaged aspect suggestive of the phial ides 
figured by Fetch (7) for his (ladnboinjum ovalisporuni. 

It may be presumed that ]ihiali<les w’ith multijile steriginata are generally 
somewhat more prolific- than those of unitai^y make-up. The latter, as a rule, 
abstrict 5 to lo conidia, whic-h remain attached in a colon'ing cluster (Fig. 
1, I). Clusters formed aloft in the air disintegrate when the structures sup¬ 
porting them finally collapse; the spores then are left strewn about on the 
substratum, ready to adhere ajiically to any spec-iimm of the host neinatoib^ 
that may visit tlu‘ seeded area. They recall rathei’ strongly the conidia <*1 
Cvphalosporium halauoidcs, being similarly rtatttnu*c( at the broad distal tnol 
and rounded at the narrower jiroximal end, but ow ing to their greater bniglb, 
they show’in longitudinal jii’ofib- (F^ig. 1, d. K) less i*(»s<*mblan(‘c* to an 
than to a maize (/ca niaifs Jj.; kernel. A term com|>ounded in j»art of tln‘ 
generic name of maize* is ac-c-ordingly adopted as an a[)propriate e[)itbei for 
the fungus. In view' of its frt*queutly liberal proiluction of as<»(*iidin'j 
conidiophorous hyjihae, the speci<*s is assigned t() Acroslalofjnius, though it*- 
varied expression of re]n*odnetiv«* habit might be more fully taken into 
aeeouut by resorting to the doulih* citation plialospinduni (Arvosfaiihh 
inus)^^ ])referred by Fetc-h ' (h in naming related entomogenons forms. 

Avrostahupnus zeosporus sjr nov. 

Mvct'liiJia iiiii l it iini iiM'dlonit liiii. r:ii.M>suui, inn. iiilr.i V(‘nuiiMiIo.s 

vivciitcN nvoIutuiM, ill li.vpliis --.'Ip missiv; roiistaiis. (!y]»h;M' extra animal 

iinortiuim cvoliitac, «iibliido in inatrvia animal amhieiilc omnino immcrsa»* HeU saepin^ 
inagiia parte rcpc*iites vcl aM-emlenfiH, hyaJimn*, vulga simjtlircs sed suhimle ramosa**. 
lO-rtOO p, longJU*. jiIeniMKpn* n in eelluris pieriinxptr a--.") p Inn^is eoUHtanlrs, 

plerisqun ce*lillli^ 1—3 raiiuilos i-fmidifxi(»s .-nrsiini fcrciitc**; ramnliH ronidiferis (pliiali**^; 
vulgo lagc'tiifnrnubus, ii-L’O p Iciigis. 2..V-4 p *'raM.sis, plcninujiu* siirsum in iinieo .sterigm.iti 
0.0 0.8 p crasHO abcuiitibns et ’>—1.') ennidia gigin*ntibuH. ipiandoipn* tamrn 2 -4 sterigmat»*s 
e,\ ventre proferentibn.s; sti*iigmatibiiK ipiaiidcM.ue prepe a]>ii-eni deinceps re]mllulaiitibu« 
ad modum liranveriae: eonidiis ]»riniM vnhaerentibus, ronliniiis, invuloratis, iuvrisum 
elongato-nuciformibuH, a]»ire riTnpiid rdnipi.’iiiati.s, denrsiim attenuatis, basi rotundati^. 
pl»*riiim|ue 3.r)-4.(> p loiigis, 1.7~LM p «*iassis. 

Pmiayrolaimnm suhrlnufffitmn iierans baliitat in fuliis vanlilnisqiu* fhf/ifnriiit .unutoi- 
nalir, pufrescontibiis in Arlington. Virginia. 

x\s.'iiinjlative myi-elimn rolorlxs.s. branrb'xl ;it iiiodiMati* intervals, septate, glowing 
within living nenmtodes, loiuposiMl of* til.'inirntoiis hypliac 2 to .‘Ip wid»‘. <'onidioplioroiis 
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livpliue dcvclopod outHidi* of dood aiiinial host, soiiu^tiinos iiiiiij(‘i‘Hod oiitiroly in the sur- 
roiindtiij; material, ]»iit iiioro often largely prostrate to* asetmdiiig, eolorless, eorrinionly 
iiiibraiiehed but^oceaHioiially hraiiehed, 10 to ;iOf> ji lonj^, often 1.8 to |li wide, consisting 
««t cells mostly 5 to 20 n long, tin* teiniinal tuie, often 20 |.t long and as little fis 1.5 p, wide, 
a hstrictifig conidia at its naiiov\ ap<‘x, the others mostly hearing 1 to 3 coiiidiiferous 
hranehos (phialides) at tin* forward end: eonidiift*rons i>r.'nn*hes (jd«ia]id(»s') commonly 
llask shaped, 5 to 20 p long, 2 ..’) to 4 p wide, mostly ahstricting 5 to lo conidia from a single 
t 4 frmin:i.l sterigina, hut occasionally putting f<»rth 2 to 4 s(*paratc sterigmata; the sterig- 
inata wlndher present singly or plurally soiiielimes thrtoigh successive suhapical elongation 
ftirming one or more additional .s]n»rogetioiis tips in zigzag arrangement; conidia first 
eoheriiig in a cluster, I'ont iiiiioiis, coh»rh‘SH, inversely elongate-nuciforni, somewhat flat- 
tt*ned at tin* dist.al einl, narrowing dt»wnward, roundetl at the proximal end, mostly 3.5 to 
4.0 p long nail 1.7 to 2.1 p wide. 

Parasitizing J*nn(iifi‘ohiinmtt ftiibrhmffotn.s it tieeurs in decaying leaves and stt*ms of 
Ihoitfiria satif/nnififis in Arlington, Virginia. 

Ill eoniKvtion with iJie morjihologieal t«*ii<li*neies evident in the new spe- 
it ma\’ be aiiiiropriate to niention here that more than half a century 
airo a mold very similar to liotriftis enow Bfaurfrla) bassiana was briefly 
noted b.v Z(»pt‘ (H. |). :U0j ainono* several fungi he had observed causing 
m'lnatode diseases. 

PijA.vt Indpstky Station, 

Hfi.tsvillk, IMARYLANI). 
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THE EP^FECTS OF SOIL MOISTURE AND TEMPERATURE OX 
FUSARIUM WILT OF TOMATO 


iM , C . S T tt O N (J ^ 

(for OotoluM* 1, imo; 

During a ten-year study of the P^isariuni wilt disease of tomato in eon- 
invtioji with a breedinjr projrrain for tlie prodnetion of wilt-resistant varie¬ 
ties, and the testinjr (d* wilt resistanee in various ronnnereial varieties, tin* 
author ohserveil that John Baer, a suseeptible variety, amt Mar^rlobe, a 
resistant variety, seemed to differ in their responses to elimatolo^'ieal eon- 
ditions as related to snseeptibility to this <lis<‘ase. 

nuKLi MIXAKV KKsn/rs 

Tlie method employed in tliese wilt-resistanee leasts has been deseribed in 
detail elsewhere (IJ). John Baer and Marjrlobe were tested in the wilt- 
infested field eaeli season for eomparison widi the selectio]js. The same seetl 
stock of these eommereial varieties was used eacdi year. When the wilt 
records of these two varieties for tlie ten-year period w(*re compared with 
seasonal temperature and rainfall records of* the U. S. W(*ather Ibirean, a 
very definite relationshii) between incidence of wilt and soil moisture was 
indicated that could hardly be coincidental. Tin* jiiaph in fijrnre 1 shows 
the comparison between the weather data and the wilt I’Ci'ords obtaim‘d in 
the field tests. 

With the exce])tion of 1!1J3, there was more wilt infection in John liaer 
in seasons of j^reater rainfall and les> wilt inf(*c{ion when then* was less rain¬ 
fall. However, just the reverse effect seems to occur with Marjrlobe, Ij., 
there was a ^n’eater inci<lence of wilt in seasons of less raintall ami less wilt 
in seasons of jrreater rainfall. There appeared to be no ])artieular c(»rn*la 
tion between air temiierature and wilt. 

hkvikw op iaterati’ki: 

This preliminary observation is not wliolly in accord with that of Hum¬ 
bert (7) and others Avho state that Fusarinm wilt of tomato is favon‘d by 
dry, hot weather. In an effort Ut determine wln*ther (m* not the ai)j>arently 
opposite responses in wilt susceptibility of thesi* two varieties to rainfall as 
indicated in fi^rure 1 uer<* actual, some tests at constant soil t<*mpei-ature and 
moisture k*vels were undertakejt. 

The relationships between soil temperature and tomato wilt and between 
temperature and the growth of the causal orc^anism have lieen well invt*sti- 
fi:ated, but little attention lias been devoted to a study of the soil moistun* 
relations of this disease. As «*arly as 1920, P]d«?erton and Moreland (ID 
deteiminod the optimum temperature for the "rowtli of this funj^us. In 

lEesearcli Assistant in FMant P.-itliolo^cv. Dopt. of P.ofany aid Plant Patholc^v, 
M-ickigan State College^ 
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1927, Wliite (18) i*ej)<)rt(‘(] the optiiiniui pjrowth temperature of many diii’er- 
eiit isolaiits to ran^^e from 24^ to 28"’ (\, and in 1928, Haymaker (6) slated 
that a soil temi)orature of 28'^ C. was o])timum for botli the p^rowtli of the 
fun}»:us and the development of the disease. Clayton (1) found tliat the 
optimum soil temperature Tor the develoimient of wilt was 28° C. and the 
optimum air temi>erature was from 27° to 85° C. 

4 10* F. 

NORMAL TEMPERATURE 

- 10* F. 


4 10 INCHES 
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t’Ki. 1. Grniilis sliowinjr yearly incUleiicf of Fiisarinm wilt in two varieties of tomato 
compared with temperature and rainfall curves for the corresponding seasons. 


(llaytoH (2) also iiivcstiitated tin* relation of soil nioisture to Fusarium 
wilt of tomato and reportc'd that plants growinj? in low-moisture soils tvere 
resistant. Plants growinfr in soil of low moisture content lost their disease 
resistance if a rapid vegetative growth was induced by the addition of mois¬ 
ture to the soil, liaiiiilly growing plants which were susceptible were made 
resistant by allowing the soil to dry out. 

Otliers have studied the effects of soil temperature and moisture on 
closely related diseases of other crops. Jones and Tisdale (10) stated that 
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the optiiTiuiii soil temperature for the developuieiit of flax wilt was the same 
as the optimum temperature for grrowth of the fiiujxus. \Yalker (17) re¬ 
ported on tlie relation of soil temperature to watei'iuelon wilt. Tisdale (16) 
found that a susceptible variety of cabba<re was more siiscei)tible to yellows 
at a low moisture level than at a hij'her moisture level. Tims (15) tested 
both susceptible and rc^sistant varieties of cabbage and found the percentaj?<‘ 
of infection of both increased with iiicreasinj; soil temi^eratures from 20° to 
32° i.\ Only one soil moisture experiment was eondinded and “the results 
w(*re too variable to be of much value.” 

Elliot (4) stated that cotton wilt was more severe in wet seasons, while 
Neal (11) held tliat it Avas more serious in dr\. h<»t seasons. Neal (12) and 
Youny: (19) afrreed that the soil temperature most favorable to the <rrowth 
of the causal funjtns was also most favorable for the development of cotton 
wilt. Tharp and Youn^ (14) found that a suscej)tiblc variety of cotton 
showed positive correlation of disease with a rise, in moisture level from 20 to 
90 per cent of saturation, while a resistant variety showed little correlation 
between disease and moisture level. * 

I 

TESTS WITH (H)NTK01iLEI> SOIL TEMI^KILYTI IU: AXI) MOISTrUK 

roxniTioNs 

The constant soil tcnipcfatnre tanks employed in the tests reported here 
were of tlie Wiseonsiti t.vi)e tleserihed by Jones (7, 8) witli a lieater and 
thermostat in each tank. As itrevions investigators had fonml 28° C’. the 
optimum for tlie ilcvelopmeiit of Fnsarinm ■wilt, this temperature and Ji 
lower one, 22° C.. were .seleeted for th<‘se tests. Two moistnr» levels, (it) and 
8.7 per cent of saturation of the .soil. Avere also teste.l. The varieties used 
Avere Marglobe and John IJaer from th<‘ same si‘ed stocks as were eiiiftloyed 
in the field tests. 

In the first tests in 1939 the seeds were planted in sterile soil and the 
three-weeks-old seedlings were tran.splauted into the cans. A loam, jirevi- 
onslj' sterilized, was tised in the earns, and its moisture content was adjusted 
to the desired levels. Oat cultures of the ean.sal fungus were added to the 
soil to furnish inoculum. After the jdants were set. a 1-inch layer of ground 
cork was added on top of the soil to retard radiation and evaporation. The 
cans were weighed daily and moisture leAcls maintaini'd by adding distilled 
AA’ater daily or as necessary. 

Five plants were in each can, and twenty plants in each test. Five non- 
inoculated plants of each variety were grown at all soil moisture and tenf- 
perature levels for comparison as to size. 

An air temperature of aiiproximately 22° (I. was satisfactorily controlled 
by thermostat except on bright days when regulation of the ventilators was 
necessary. 

In the first series of tests, in 1939, the develoinuent of wilt was observed 
for 10 weeks. When the final readings were made, the plants were jmlled 
and the basal portions of the stems were cut across and lengthwise so that 
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browning of the vascular liundles might be observed. This examination was 
used to verify external syinyitoms. The final record included dead plants 
as well as those in various .stages of disease. The results of these tests are 
presented in table 1. 

The susceyitiblc variety, John Baer, was more snseeyitible to wilt at the 
higher moisture level Avhile the resistant \ariety. Marglobe, Avas more sus- 
ceptilile at the loAver moisture level. As to the effect of soil temperature, 
these <lata shoAV that (with one exception) tlierc Avas a greatcT incidence of 
vvilt in both varieties at the higher temperature. A comparison of the non- 
inoculatcd control plants showed that both varieties produced larger jdants 
at the higher soil moisture and teinj^erature levels. None of tlie noninoeu- 
lated ])lants develoj)ed the disease. 

TAULE ]. —Thr (Jfrcl of tiro vonsianl noHsturc and f» m[itratnrr levvl.s upon the 
devclopmrvt of Fumriinv wilt in a rrsintant and a sitncrplihlc variety of tomato. {Twenty 
ptant.s in each tc^i) 


Vnii(‘ty 

Soil moisture 

('OlltOllt, 

juM* cent 

Soil temp. 

PoTCCUtilgC of 
inociilattsl ]>l!nits 
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M;M g lobe (i*eHist;oit > 
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Jolm n.'icr (.susccptililc 1 

85 

22 

r>o 


Ho 

28 

no 
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50 


(in 

28 

70 


of tlio uoJiiiiociil,Mi(Ml c'onlrol plrjiits «l«*vclo]K'd wilt. 

ill the Avinter of 10.‘{9-4(), these tests Avere repeated Avith some inuoA'ations. 
The saim* numbers of plants Avere groAvn in infested .soil at each moisture and 
temperature level for the first three Av<‘eks of the experiment, and then half 
of them AV( »’e alloAved to continue for the remainder of the period AAdth con¬ 
ditions unelianged Avhile the other half an ere siduected t(» changes in soil tem- 
peratu]*e or moisture for ihe remaining three Ave(*ks of the experiment. 
TAvie<‘ as many non inoculated control plants Avere groAvii as in the previous 
series and half of the.se Avere subjected to the same changes as the inoculated 
plants. 

On Jan. .11, 1940, the basal portiinis of the stems Avere examined for dis¬ 
coloration of the vasi'iilar system. The percentages of diseased i)lants occur¬ 
ring under the various sets of conditions Avere recorded, and are summarized 
in table 2. 

None of the noninoculated plants ileveloj)ed Avilt. Changes in soil mois¬ 
ture and temperature levels during the exi»eriment made but slight differ¬ 
ences in the final size of the noninoculated ]>Jants. Plants of both varieties 
vttcre larger at tin* highei* .soil moisture and temperature lex eks. 

The results obtained in the previous tests Avere corroboritted. JIarglobe 
had more wilt infection at the loAver moisture level, ANdiile more Avilt developed 
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TABLK 2 .—The effecta of vonsiant and chanijing soil moisture and temperature 
levels on the development of Fusarium will in a resistant and a susceptible variety of 
tomato during a six-weehs period. Temperature and moisture changes were made at the 
end of the first three irecls. (Ten plants in each test) 
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in John Baer at tJie hi<j|:lier luoistnre level. iU a eoiistant soil temperature, 
an increase in soil moisture from 60 to S5 ])er (»put of saturation, ih»er('ase«l 
the iiereentage of wilt in Marglobe and increased it in John Baer: the opi^o- 
site change from 85 to 60 per cent saturation inereas(»d tlie ])ercentM^^e ol 
wilt in Marglobe and decreased the percenta<i’(‘ of will in John Baer. 

In the winter of 1941—42, these tests were repeated nsin**: the same seed 
stock and method except that tlie inoculation was acc'oniplished by dipj)inj'* 
the roots of the seedlings in a snspejision of the fnnjrns, as described by 
Harrison (4), at the time of transplanting* into the cans. The noninoeulat(‘d 
controls were dipped in sterile water. In this series, a larger number of 
inoculated plants was used, so that all the possil)le changes in soil tempera- 

TAJtLE 3 .—A comparison of the effects of constant and changing soil Wfoslnre and 
temperature levels on the development of Fusarium wilt in a re sistant and snsc* ptihli 
variety of tomato during a six-weeks period (Dec, 5, 1941, to Jan, 12, 1942), Tem¬ 
perature and moisture changes were made at the end of the first three weeks. (Ten 
plants in each test) 
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22 —> 28 

100 

85 -> 60 

SO 

2x _^ 22 

100 

85 60 

00 

22 ~>2S 

SO 

60 85 

TOO 

28 -»22 

80 

60 85 

100 

’voloped Avilt. 
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lure and moisture could be made and the effects on wilt compared wifli inocu¬ 
lated plants grown at constant soil moisture and tem])erature levels. 

The tests wore set up in the tanks on Dec. 3, 1941, the changes in growing 
conditions made Dec. 24, and the percentages of wilt were recorded Jan. 12, 
1942, when the basal portions of the stems were examined for discoloration 
of the A’as(»ular system. The results of tliis series of tests are given in table 3. 

These data are in accord with those obtained in the two previous tests. 
Under constant conditions, more wilt develo})ed in Marglobe at the lower 
moistuiv level than at the higher level, while more wilt developed in John 




Fi(i. L' Joliii lijicj (A) M.'irgloln* (U) loinnlo plants grown fit 28' C. Non- 
inoiMilalod t'.uiil.rol ) and iiKK-ulatod idants (2) at 00 per cent moist uro: noninoc\datod 
('OJitrol (3) and inoculated jdants (4) at So jkt cent moisture. 


r>aer at the higher moistnee level than at the lo’ver one. In both varieties, 
the incidenee of wilt was greater at the higher soil teuijieraturc level. Under 
changing conditions, at both temperature levels an increase in soil moisture 
decreased the percentage of Avilt in Marglobe, Avliile a decrease in soil mois¬ 
ture iucj-eased the percentage of wilt. In the case of Joliii Baer just the 
rtiversc was true. At constant moisture levels, the incidence of wilt increased 
in both vari(*ties Avith a rise in temperature from 22° to 28° C. while a 
decrease* in temperature from 28° to 22° V. showed no effect on the incidence 
of this disease. 

Photograjihs of some of the plants of the final exiierimcnts are in figure 2. 
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Tliese picturos compare* noninoculated eoiiti’ol plants witli inoculated plants 
grown at the same soil moisture and temperature levels. The noninoculated 
plants of both varieties made better growth at the higher moisture and tem- 
l)erature levels. 


DISCUSSION 

The results of the three series of tests und(‘r controlled conditions of soil 
moisture and temperature substantiate the apparent relationship between 
wilt incidence and rainfall sho\vn in figure 1. 

These findings (corroborate the gcmeral observation that hot weather 
favors wilt, but indicates tliat dry weather doi\s not favor Avilt in all cases. 
TJie difference between varieties in response to soil moisture may account, 
for the variation in re])orts as to the elfectts oi' wet and dry seasons on this 
disease. 

The results reinu'ted li(*re witli John Ihier are in accord with tho.se of 
Clayton (1, 2) Avho used Chalk’s Early Jewel in his investigations. Chalk’s 
Early Jewel is closely related to dohn ]5aer/aud is susceptible to wilt. 

The findings Avith a susce|)tible A^ariety'of tomato recorded here are in 
agreement with those* ot Tharj) and Young (13) Avho found that a susceptible 
variety of cotton shoAved a posit h^e correlation of disease Avith a rise in mois¬ 
ture level from 20 to SO andOO ])('r cent saturat ion. These investigators used 
a re,sistaiit A'ariety in ojdy one t(*st and report(*d litth* (Correlation between 
disease and soil moisture 1 cA'(*1. 

The effects of soil tem])erature on the develo])m(‘nY ol* Avilt reported here 
ai‘e ill accord with those of <»ther investigators (1, 0, 10, 14, 15, 16, 18). 

Whether the diffeivnce in (*ff(*ct of soil moisture on Avilt incidence is 
C(UTclated Avith susc(*ptibility or r(*sistance to tiu* disease, or is merely a 
varietal difference iias not l)(*en (*stablislM*(l in tli(*st* trials as only one sus¬ 
ceptible and one re.sisiant variety were t('st(*d under controlled conditions 
Since field observations on (Jhor Yarieii(*s Avere sometimes based on only Iavo 
trials wbicli were often not in siibsecpicnt years, no definite conclusions as to 
moisture relations can be made. Pritchard, a resistant variety which was 
tested in the infested field for four years, shoAved the same resiiou.se in Avilt 
iiieidence to rainf all as Marglobe, Avhile the Avilt resistant .strain of John Ihuu’ 
(13) r(*sponde(l in the same manner as comm(*r('ial Joljii P>a(*r. 

.STJjMAIAPY AND CONCLUSIONS 

Field observations on the relation of rainfall to the incidence of Fusarium 
Avilt and greenhouse te.^ts at constant soil moisture and temperature IcA^els 
indicate that .Marglobe, a resistant A^iriety, and John Baer, a susceptible 
variety of tomato, have opposite responses to soil moisture insofar as it affects 
susceptibility to wilt. 

Marglobe Avas more susceptible to Avilt at a soil moisture level of 60 per 
cent saturation than at 85 per cent, Avhile John Baer Avas more susceptible 
to Avilt at a soil moi.slure IcatI of 85 pej* cent saliii-ation tlian at 60 per eemt. 
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When soil temperature eoiulitious were eoustant and soil moisture conditions 
were changed during the tests, a reduction in soil moisture decreased the 
ineidence of wilt in Jolui Baer, while an increase in soil moisture increased 
the incidence of wilt. (Conversely, in Marglobe an increase in soil moisture 
from (JO to 85 per cent saturation reduced the ineidence of wilt, while a 
reduction in moisture increased the incidence of wilt. 

Tlie responses in wilt susceptibility of John Ba(T and Marglobe to soil 
temperatures arc similar. Both varieties were more susceptible to wilt at 
28 ' C. than at 22"^ C. Wiien soil moisture conditions were constant and soil 
temj)eratures were cliang(*d during the tests, a rise from 22'' to 28'' ('. usually 
increas(*d the incidence oL' wilt in both varieties, but a reduction in soil tem¬ 
perature Trom 28'' +0 22" (\ liad no effect on the [)er(M*ntage ol* wilt which 
developed. 

Whether the difference in (*ffect of soil moisture on wilt incidence is corre¬ 
lated with suscej)til)ili1y or rt*sistance to the diseas(‘, or is merely a vari(Mal 
dilference has not been establisheil in these trials as only one susceptibh* and 
one resistant variety ncj‘<‘ tested. 

MiniiGAN Agrk ri/iT’KAL FAiT:in:\iENT Station, 

East Lansing. Mighkjan. 
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INIIElilTANCE OF REACTION TO CROWN RUST AND STEM RUST 
AND OTHER (CHARACTERS IN CROSSES BETWEEN 
BOND, AVENA B7ZANTINA, AND VARIE¬ 
TIES OF A. SATIVA^ 

8 I A N a Y 1 K o , J a m e s II . T o k it i k , a n 
,I AMES G . I) I c K S O N 

(Aoeeptod for publjcrition October 1, 1945) 

JNTKODIKTION 

BJaiit diseases are iiiij)()rtaiit iimitiiig factors in tli(» produetioii of oats. 
Crown rust caused by the i)at]io“en Viiccinia (‘oroiiatn uvemie Erikss. and 
stein rust caused by (jraminis acmac Erikss. and Henn. are two of tlie 
more destructive diseases of oats. The inodes of iidieritance of crown-rust 
and stein-i*ust reaction and of several kernel <*harac1ers are reported Jierein 
for crosses between Itond, Arma hffiaitllna (1 Koch, and sevtu'al vari(‘ties ot* 
A. sativa L. T 

The literature concej-ninjjr tlie inhei-itance of crown-rusi and stem-rust 
reaction in oats has bct^n reviewed by Smith (o) and Torric (7). Hayes, 
Moore*, and Stakman (I) studied crown-rust r(‘action in crosses involvint*' 
Bond ami 5 ditfi*rent varieties of Avctia sativa. In 1 of the 5 crosses tliey 
found a single factor difference, while in the otlier -I, two ineoiiiplelely domi¬ 
nant complementary faedors for resistance w(*re carried by Bond. Torrii* 
(7) exiilained crown-rust reaction in the cross of Iowa No. 444 ■' Bond on tlie 
basis of one factor pair for resistance carried by Jbnid and an inhibitor 
carried by Iowa No. 444 which ptirtly inhibited the exi)i’cssion of the factor 
for resistaih'c. Previous studies (5, 7) have shown that resistance to stinn 
rust is dominant to susceptibility and dependent ujxm a single factor ]>air. 

The literature u]i to PKI9 on the inheritance of lo*rnel characters has been 
reviewed by Torrie (7). Hayes, Moore, and Stakman (1) found that tin* 
Avvaa sativa' type of basal articnilation was dominant over the A. bifiaatiaa 
type, the ratio apiiroaching ; I. They r(*|>orted that segregation for floivt 
disjunction (tej-med ra^ddlla attachment in this jiaper) in 1 of the (*rosst*s 
st:udi<‘d was monogt*nic, while in tlie other 4 cros.ses it was de|)eudcnt upon 
inoi’e than a single fa(*tor pair for diff(*rentiation. In a cross of Iowa No. 
444xT>ond, Torrie (7) reported tliat tlie characters basal hair length ami 

1 (ioopiTritive iiivcstig;iii<»iis between tlio \Vi.s<'Oiisiii Agrj('iiltiir:U KxjH'rinicnJ; Htatioii 
ami the PivisicTi of (Vreal (h'op.s ami J)i.si*ascs, Bureau Plant Jmlustry, Soils, ami Agrieiil- 
liiral Kifgiiieering, AgririilturaJ Research Adiriiiiistration, V, 8. Department ()f Agri 
eiilture. J\Mper JSo. -PI of tin; Department of Agronomy, Wiseonsin Agrieultnral 
Kx]>eriinent Station. 

The writers -wish to make grateful acknowledgment to Dr. O. S. Aamodt for advie** 
during the course of the study; to Dr. 31. D. Sliands who snpx>licd seeds of t.lu> F, genera 
tion of J3ond X llawkeye and Bond x S.D. 3r»l; to >higenc Ilorrling for a,i<l in the prepa 
ration of the photograjp!; and to l^Ir. H. C. Murj)hy of the* P. S. Department of Agriculture 
^^ho supplied inoculum of physiologic races and (» of P. coronaia avrnac. 

2 formerly assistant in Department of Agronomy; Associate Prof, of Agronomy ; and 
]*rof. of Plant l^athology, ITnivcrsity of Wisconsin, and Agent, Division of Oereal (h-ops 
and Diseases, Madison, SVis., resj»oeiiveJy. 
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niiiTiber and basal articulation and racliilla attachment were monogenic in 
theii* inheritance, while lemma color and awnedness were digeiiie. 

The literature on tlm inheritance of earliness of heading has been re¬ 
viewed recently by Torrie (7). He reports that other workers found a 
partial dominance of earliness and tJiat one to multiple factors, depending 
upon the cross, are suggested to exjdain the segregation. 

MATERIALS AND METHODS 

progenies used in tiiese studies consisted of the following: 

F,, F,, and F 4 of Jiond 2733) x Hawkeye (C.l. 2464) 

Fj and F 3 of Bond x 8.1). 334 (CM. 2884) 

F. aJid F,. of Hawkeye x Bond 
Fo and F;, of S.D. 334 x Bond 
F, and F, of Hancock (C.l. 3346) x Bond 
F, and Fa of (M. 3350 x Bond 

Tliese varieties belong to the species Arena saliva, with the exception of 
Bi)nd, wliich belongs to A. bn::anlina, Tlie origins of the parental varieties, 
with the exception c»r S.I). 334 and C.l. 3350 have been reported by Stan- 
toji ( 6 ). S.I). 334 is a selection made at tlie South Dakota Agricultural 

Experiment Station from a selection of Swedish Select x Kilby Hulless back- 
ci-ossed twice to Richland (C.l. 787) and then to Markton (C.l. 2053). C.L 
3350 is a sister selection of Hancock and Marion. 

The F ‘2 and F^ generations of Bond x Hawkeye were grown successively 
in 1938 and 3939, The F- generation of Bond x S.D. 334 was grown in 1937 
and the F.; generation both in 1938 and 1939, and tlie F 2 of the remaining 
crosses in 1939 at the University Hill P^arms, Madison. The Fa lines were 
’)lanled in 5-foot rows with ajiproxiinately 25 seeds per row. Parental varie¬ 
ties were seeded at intervals of 30 rows, l^order rows of State Pride (C.l. 
1154) weiv planted throughout the nursery to provide a susceptible host for 
the increase of crown an<l sleiii rusts. During 3937 and 1938 naturally 
occurring inocMiluiii was relied upon for rust infection. In 1939 the natui'al 
inoculum was supplement(*d by inoculating growing plants of State Pride by 
means of a iiypodermic needle. 

The seedling reactions to a composite collection of crown rust were 
determined in the greenhouse. The P^^ generations of Bond x Hawkeye and 
Bond S.D. 334 were grown during the winter of 3 938—39 while the F’^ of 
Bond >. Hawkeye and the P\ and Fa ju’ogenies of the other cross were studied 
rluring tlie winter of 3939-40. The crown-rust reactions of 94 F^ lines 
of Bond X Hawkeye, selected at random, were determined for physiologic 
races 3 and 6 and for the composite inoculum during the winter of 1939-40. 
The seedlings were grown in flats. The first leaf of the seedling idant Avas 
inoculated with crown rust. The flats containing the inoculated plants Avere 
placed in a lighted moist-chamber for 24 hours at 20° C., after which they 
Avere removed to a greenhouse kept at approximately 18° C. 

C.l. refers to aeeessioii number of llie Division of Cereal Crops and Diseases. 
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All pla}its, both in tlu* adult plant and secdlmj*: stajyes, were classified foi* 
crown-rust reaction into 5 classes: 0, 1, 2, 3, and 4 based on the infection 
typos described by Mnrjdiy i 4). A larj^e majority of the plants was placed 
in classes 0, 1, and 4. In llie ^eiietie analysis of the data, classes 0, 1, and 2 
were grouped as resistant and 3 and 4 as snsee])tible. All idants wore classi¬ 
fied for stem-rust reai*lion as cither resistant or snsce])tible. 

The classificatioii for .main characteristics was made in the laboratory by 
examination of 3 to 4 caryoi»ses of each i)lant by 2 ])ersoiis. Three classes 
were used foj* all characters: byzantina, sativa, or intermediate type. 

The dales when the first, approxnnatedy 50 per cent, and the last })lant 
headed were determined for each F., and punmtal line of the crosses Ihmd x 
Ilawkeye and Bond. . S.D. 334. The arithmetic m(*an of the above three 
values was taken as an index of tin* number of days from emer«»*ence to 
head i no*. 

EX PEI{ I M EN TA1. RESUJ /FS 

IiiJh riiancf (tf Croini~l\*}tst Kiacllfni 

Fi plants oi‘ ail ciosses studied liad a 1 to 2 crowji-rust infection ty]a* in the 
seedling stage under greeidious(‘ conditions and a 3 lyj>e in the adult plant 
stage in the field where the composite inoculum was used. 

Data on the F 2 segregation are given in table 1. Good tits were obtained 
to the ratio of 9 resistant :7 susceptible in the s(‘edru)g stage and 5 nssis- 

TABLE 1.— Croun-rHut rtoctiuns of ihv. proiftnioi of .Fond (Arena hjpantina) 
crosjicd with ifiveral rardtirs 0 / A. .ottira, and t^nts iff (fOiKinrss of ft to the 0 ?v.v/.v 
taut: 11 .^uscrptihlf and n sisfanf : 7 siimu pfihlr ratios m (In adult and sicttfinf/ .staff( .<. 
rrspretivebj 


Cross and population 

8tagt‘ of 
<iov<*lopment 

Bond X Hawkeye 

Adult 

Hawkeye x Bond 

Adult 

Bond X S.B. 334 

Seedling 

Adult 

S.B. 334 X Bond (2974) 

Adult 

S.1). 334 X Bond 12975) 

Seedling 

Adult 

S.D. 334 X Bond (2970'. 

Seedling 

Adult 

TTam'Ock x Bond ^298S ■ 

Seedling 

Adult 


Seedling 

TTaneock > Bond (2989) 

Adult 

C.l. 33oOxBond (2983) 

Seedling 

Adult 

CM. 3350.. Bond ''2984) 

Seedling 

Adult 

Seedling 


Reaction t la.sMcs 


yf 


Resistant 

Su.seeptihle 


\n, of ptaufs 

A e. of plants 


82 

171 

0.1 n 

34 

91 

1.10 

Bit 

156 

3.05 

16 

176 

1.08‘’ 

41 

74 

0.82 

104 

121 

8.79 

25 

<♦0 

4.46 

139 

131 

4.39 

44 

95 

0.00 

163 

135 

0.23 

31 

74 

0.07 

97 

7! 

o.io 

36 

ti8 

2.96 

89 

66 

0.05 

43 

71 

1.90 

112 

100 

0.87 

32 

92 

1.34 

80 

64 

0.0 L 


« The values at the 5 per cent and 1 i>er cent levels for 1 degree of freedom arc 
0.84 and 6.64, respectively. 

^ y" values for the.ratio of lo susceptiUle: 1 resistant. 
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taut: 11 susceptible in the adult plant sta^e save ior the seedling reactions 
oi* populations 2974 and 2975 oi! S.D. 334 x Bond, and the adult plant reac¬ 
tion of population 2975. tn the latter 3 instances the ))roportion of plants 
classified as susceptible exceeded that expected. The adult plant segregation 
of Bond X S.D. 334 approaclied the ratio of 15 suscc})tible to 3 resistant. 

The crown-rust reactions of the F generations of the several crosses and 
foi* a selected P4 of Bond :' Ilawkeye are given in table 2. The F4 generation 

'JWnijK L *.—Crown rust rtaclion.^' 0 / atul pruifutirs of Hand (Avena hp^antina) 
crofmod with srvrrol rnrif lirs of A. fiaLioa, and tt sfs of (foodursft of fit to Uic J rt sis- 
taut: I srpropaf inp (J rrsiaianl : 1 susc(/dihh ): 4 aetfrofialinfi (f) rcsinlant : 7 awsa ptiblc 
in thr snrdfivfj sUiffc and 5 rraifttovf : 11 an.Hcrptihh in Ihr ndidf sfopt): 7 siiscfplihle 
ratio 


rr{i('ti(»n in seedling stage 


(Tonernlioii, cross, 
and po])ulat ion 


Segregating 

:\n : : 7S 

Snsei'ptible 

yf values'* 

F;, Rond X ITa\vl<i*v(? 

19 

73 

57 

104 

3.17 

F^ TSojid Hawkov<*'‘ 

r> 

58 

59 

97 

4.83 

P.., llav’kovc X J3ond 

0 

24 

32 

47 

1.33 

F, Bond X S.T). .SS I 

9 

12 

21 

149 

1.30'J 

F,S.]). 334 xRond (2974) 

30 

22 

18 

00 

8.71 

F,S.D. 334 X Rond (2975) 

(I 

18 

27 

55 

4.38 

F:,S.D. 334 y Rond r297fl) 

10 

27 

28 

45 

1.61 

F;, Hancock x l>ond (2988) 

12 

27 

25 

40 

5.40 

F-i Hancock x Rond (2989; 

8 

24 

24 

48 

0.79 

F., (!.T. 3350 X Rond (2983) 

9 

28 

30 

42 

1.73 

r.C.T.:;350xRoiid (2984) 

7 

30 

30 

49 

0.14 


Tiidira1(‘d reaction in adult stage 


(M-iirration and cross 

Resistant 

Scg)c 

3R; IS 

►gating 

5R : ns 

- Susceptible 

yf values 

F;- Bond X llawkcwc 

23 

73 

55 

102 

6.53 

Bond X S.D. 334 

11 


20 

151 

1.94 


R- resistnnf ; »S - susceptible. 

The x"* values ai the 5 por cent und 1 per cent levels for i> degrees of freedom are 
7.82 and 11.34, respectively. 

c Totals for 10 lines, each of which segregated 9R: 7S in the Fa seedling test. 

vsiliies for the ratio of 1 resistant; 1 segregating (3 rcsistiiiit: 1 susceptible): 2 
srgiegating (9 resistant; 7 snseeidiblc) ; 12 susceptible. 

of Bond X Hawkeye consisted of 10 plants from each of 22 P3 lines which 
segregated in a ratio of 9 resistant to 7 suscejitible in the P3 seedling tests. 
For all crosses, with the exception of Bond x S.D. 334, the segregation was 
1 resistant: 4 segregating (3 resistant: 1 susceptible) *. 4 segregating (9 resis¬ 
tant : 7 susceptible in the seedling stage and 5 resistant: 11 susceptible in the 
?idult stage): 7 susceptible. Th(» agreements between the observed and ex¬ 
pected ratios were good except foe S.D. 334 x Bond (population 2974) where 
too many P.t lines were completely susceptible and too few were found in the 
segregating classes. 

The segregation found can be explained by the hypothesis offered by 
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Hayes, Moore, and Stakman (1) or that by Torrio (7), altlioiij^h the j^enotype 
patterns would be quite different. Hayes et al. (1) explained the se^rej^a- 
tioii of crosses involving? Bond by 2 complementary factors carried by Bond 
wljicli in the lieterozyfrous cojidition resulted in somewhat lower resistance 
tljan when homozyf^ous. Torrie (7), for the ei*oss Iowa Xo. 444 x Bond, su^- 
posted the presence of two factor pairs, S a factor for crown*rnst resistance 
find I a factor which partly inhibits the expression of S and in which the 
niaskijijr effect of the inhibitor is f*:reater in the adult plant stajre in the field 
than ill the seedlinj? staj^e in the {greenhouse. This would explain the differ¬ 
ence in the double lieterozyjj^oiis plants which were classified as susceptible 
in the adult plant stajre and resistant in the seedlinjr stajre. Since the doubh^ 
lieterozyfTOUS plants compose one-quarter of tlie Fj po]>idati()n the expected 
se<rre^ation in the Fy and of the double heterozy{^ous plants in the F:^ would 
be 9 resistant : 7 susceiitible in the seedlinjj: stajre and o resistant : 11 suscepti¬ 
ble in the adult stajic. 

The Bond X S.D. 334 pro{^ej»y se{*Te{iated somewhat differently than the 
other crosses. The Fy sejrrejrated into the ratio/>f lo susceptible : 1 resistant. 
The P^{, which was {rrowu in the field in both 193H ami 1939 and in the oreeii- 
house durinj? the winter of 1938-39, se^rrcjratcd a))proxjmately as follows: 
1 resistant: 1 se{i:re{*:atin<»: (3 resistant : 1 susceptible) : 2 scj^rejralino’ (9 resis¬ 
tant : 7 susceptible) : 12 susce])tible. 

The F;; react urn ot* Bond x Hawkeye to races 3 and 0 of Pitacinia rorontfia 
avowc was the same as the reaction to the composite inoculum. 

JyihvrUancv of Stem-Jlusf ItcacHfm 

The sejrregation for stem-rust reaction ami tests of {goodness of fit for the 
Fy and P;< data are «iven in tables 3 and 4, rtsspeclively. In the adult plant 
sta^^e Fi ])lants of all the crosses studied were resistant. This is iji agrree- 

TABIjE o.— Strin-rusl rvoctiim for the F., proffcvos of Bond (Avena bia) 

cro.sficd with .scrrral rariclics of A. satirOy and frsis of tfoodiKsn of fit to the d rtsis- 
tant : 1 snsceptihlc ratio 


CJross and ])opr.latioii 

F, re 

aetioJi 

7 - valuesi‘ 

fiesistant 

Saseeptiblo 


No. of ]>lan1i< 

A of plants 


iiojid X Ilau keve 

184 

01) 

O.OS 

Hawkeye x Boud 

98 

30 

0.17 

liond X S.D. 334 

133 

58 

2.91 

S.D. 334 X Bond (2974 ) . 

90 

25 

0.07 

SJK 334 XwBond (297r>) 

88 

21 

1.88 

S.D. 334 X Bond (297ti) 

J02 

37 

0.29 

Hancock x Bond (2987 ) 

91 

11 

11.88 

Hruicock A Bond \ 2988) 

85 

19 

2.51 

flauci.ck -.Bond (2989) .. 

7(» 

23. 

0.002 

(U. 3350 X Boud (2983) 

93 

31 

0.00 

V.L 3350 X Bond (2984) 

90 

29 

0.23 

(J.I. 3350 X Bond (2985) 

92 

37 

0.90 


Tlio X values at the 5 per ceut aud 1 per rent levels for 1 degree of freedom are 
.81 luul 6 t)!, respectively; 
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TABLE 4.— Slcm-niftt rmvUon for the proffenics of Jioiuf (Avfma hy^antina') 
croftsed with two varUiUn of A. satirOf and tests of goodness of fit to the 1 resistant: tS 
,<rffn gating : 1 siisceptihle ratio 


E;, rt*Ji(*t ion 

("roHS -^----- - y-voliics" 

Ifosistant. Scjifrojfntinj; Siisccptihlo 


\ innher Kmnber Number 

JJiMul \ iroAvkove .. no 327 07 0.51 

Bond \ S.l». 334 . .. 49 87 55 1.85 


a The yf v.'ilnes at the 5 jier cent and J per cent levels of significance for 2 degrees of 
freedom are 5.99 and 9.21. 

ineiit tlio results ri'portcd by lluintdirey and Coffman (2) and by Torrie 
(7). Tlio Fo <lata, for tlu^ (i (-rosse.s, gave good fits to a 3 resistant: 1 siiseep- 
lible ratio uith tbe ex('<‘|)ti()n ol* IIam*oek:^ I>ond (population 2J)87). TJie 
poor fit in tlie latter ease was due to too many ])lants being classified as resis¬ 
tant. SiiUM* the other two poj>nlations of JJaiK'oek , l>ond showed good fils 
to the 3: 1 ratio and sinee the stem-rust epidcmiie was light in certain por¬ 
tions of tlie field during 193!), the ])oor fit obtained for population 2987 is 
])robably tin* result of (M*rtain susceptible plants escaping infection. 

The F., segregation oT tin* <*ross(‘s llond \ Tlawivcye and Bond a S.T). 334 
grown in the field in 1!)39, gave good fits to the ratio of 1 resistant : 2 s(‘gre- 
gating Cl resistant ;1 susceptible):! susceptible. These results substanti¬ 
ate the Fj st‘gregation. 


!nhi rilagee of Kernel (Utaraelers 

The inheritanci* of several k(‘rnel characl<*i*s, including number and 
h‘iigth. of basal hairs, type* of basal articulation, rachiJia attachment, lemma 
color, awm‘dness, and twist<*d blark base of awn, were studied for the crosses 
Txaul llaw keve and Bond , S.D. 334. ])cserij)tions of tin* ])arental varie¬ 
ties, foi* the <'haract(*i-s studied, are given in summary form in table 5. 

Tin* Fj of the two crosses showed j)artial dominance of the grain charac- 
1t‘rs of tlie Arena salira jiarents. Tbe data in table 0 give the modes of 
inheritance and tests of goo<lness of fit for the characters studied based on 
the segregation of the F- lines. In the cross Bond ^ llawkeyi* all segrega¬ 
tions gave gooil tits to the 1 : 2 ; 1 ratio including that for awn ty]>e. Since 

'r.VBLI'] 5 ,—Kernel characters of Jlond, Ilawkcifc, and S.B. ddi 




Ihmil 
(M. 27;i3 


n;i\vki‘vi‘ s.i). ;j;{4 

(M. 24(i4 VA. 28SI 


Ihis.Ml hair h-iigth 
Xiimher of ba^al Imirs 
Ikasal articulation 
•tachilla attachimmt 
Tjcimiui color 
iH'grec of awiiedncss 
Twisted Mack base of awii 


Mediiiiii long 
Many 
Slicker 
Secondary 

Tjight reddish brown 
\Ve;ik awn i^resent 
Alisent 


Short 

Few to absent 
Solid 
J*rimary 
Yellow 

Partly awned 
Absent 


Short 

Few 

Solid 

Primary 

Yellowish white 

Heavy 

.Absent 
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neither parejii possc^ssed a^vns a twisted black base and since very fi-w 
plants were found to be as weakly awned as Hawkeye, the exact pareiitajre 
of the male parent of this cross may be questioned. Witli this excei)tio)i. 
however, all sefrref^ations were as expected. 

In the cross Bond > S.D. 334 sej^re^ation of the Fr. lines for all characters, 
with the exception of basal articulation, occurretl in the ratio of 1 byzantina 
complex : 8 sej^refratinj*': 7 saliva complex. Due to various d(‘};rees of inter- 

TABLE 0.—E.; sc<jrc(jnh'on for scvrral Iccnirl chnraetcrs of liontl \ llaivl t yt ato- 
Bond S,TK 3.1 jy and tests of goodness of fit to the 1 :J:J ratio for Bond'/ JUiwiceyr 
and to the 1:8:7 ratio for Bond x SJJ, 334 


CImns uiid character 

Bond X llaw’kcye 

Bond X S.D. 334 

A limber 
of liii(‘s 

y “ A’aliies 

A’lunber 
of lines 

y- valla 

Basal hair length: 





Bong 

58 


10 


Segregating 

132 

0.66 

00 

0.14 

Short 

63 


7l* 


Basal hair luiniber: 





Many . 

60 


12 


Segregating . 

131 

0.31 

87 

0.17 

Few 

62 


•SO 


Ty])o of basal articulation: 





Sucker 

60 


12 


Segregating 

128 

0.23 

42 

0.40^ 

Solid 

65 


125 


Baebilla altacbmeiit: 





S(;condary . 

63 


13 


Segregating . 

124 

0.18 

93 

0.70 

Primary . . . 

66 


73 


Ticmma color: 





Keddish brown ,.. 

02 


12 


Segregating . 

125 

0.17 

01 

0.15 

Yellow to white. 

66 


76 


Awning: 





Wcah awned ... 

63 


14 


Segregating. 

122 

0.55 

87 

0.7S 

Heavy awned . . 

63 


78 


Twisted black base of awn: 





Absent. 

65 


13 


Segregating . 

326 

0.07 

9() 

0.37 

Present .. . 

62 


76 



The value at the 5 j»cr <'Oiit uihI 1 per cent levels for l2 degrees of freedom uj'j 
respectively 5.99 and 9.21. 

*> X® value for the 1:4: 11 ratio. 

niediacyjio attempt W'as made to ditferentiate between the segregating^ line>. 
The segregation suggests the presence of complementary factors, both i)resenT 
in a dominant homozygous condition in S.D. 334 and carried in a vei'cssivr 
condition in Bond. 

The segregation for basal articulation occurred in a rati(» of a}>i)ri>xi- 
iiiately 1 byzantina : 4 segregating : 11 sativa. In the classification of this 
character both in the Fg and the plants of intermediate type of basal 
articulation approached very closely the articulation type found in.the saliva 
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parent. Sinr.e .sef^regatioii for tliis character was not clear-cut, many plants 
which w(*re intermediate were placed in the sativa complex. This would 
I’csiilt ill some of the sc^rt^jratiii*? lines being: classified as homozyjrous for 
tlio sativa complex. This is probably the reason for the different ratio found 
in the F-s for this character as compared to that found for the other charac¬ 
ters studied. 

The data in table 7 show the linkage intensities between the kernel char¬ 
acters for the cross Bond x Hawkeye, which were calculated from the and 
ihe F 3 data by the method of maximum likelihood described by Immer ( 3 ). 
Genes for all kernel characters studied were located on the same chromosome. 

In the cross Bond x S.l). 334, the inheritance of each kerne] charaider was 

'I’ABLE 7.— inh’n.sitic.'i hriirrrn (fines for smral l.'rrml chararh rs in the 
t Bond X Uawl'rffi' 


Jiiiikngc intciisitios with stMiidard error 


<Jhar;u't(*r 


Awned- 

11 ('SS 


Twisted 
blnek 
base of 
a,wii 


Basal 

articu¬ 

lation 


Hair 

number 


Tfaehilla 

attach¬ 

ment 


Basal 

hair 

length 


'I’wisted black base of 
.iwii 8.7 ± 1,2 

Basal articulation 19.-1 ±1.9 11.7 + 1.5 

Hair number LM:.5±2.a ISA ± 1.8 ({.9 f l.J 

Kachilla iUtachment 30.8 + 2.5 24.4 ± 2.2 20.1 + 2.0 

Basal liair buigth 42.1 ± 2.9 38.9 ± 2.8 32.2 ± 2.0 

Ijriuma coh)r 58.7 ± 3.4 50.0 + 3.0 47.8 + 3. L 


17.7 ±1.7 
25.0) ± 2.3 
40.4 ± 3.0 




44.0 ± 3.0 26.8 + 2.3 


tbb 


8.7 


1J.7 


ba hn 
. <).9 . 


17.7 


hi 


20.8 


Chromosome juap showing linear order of g(‘nc*s'‘ 

'* a awnediuiss; tbb-twisted black base; b.a basal articnlation ; lni-~hair mimi)er; 
“ raehilla attiudimeiit ; hi =: hair length; Ic -lemma color. 

digimic. Clii-^^p'.aee tests of independence and association sliowed that the 
gene.N governing ail ihe characters were closely linked. Tlie P valu<‘S iu all 
- ases were eoiisiderahly less than 0 . 01 . 

Inhrrifancc of Earlinvss of Ht adint) 

The distribution of the Fn lines of the crosses Bond x Ilawkeye and 
Bond:: S.l). 334 and parental varieties for number of days from emergence 
TO heading are given in figure 1. The distribution of the F.. lines of Bond > 
llawkeye show that approximately ono-tJiird of tJie lines were earlier than 
Bomb and one-third as early as Bond. Seven of 203 lines studied were as 
late as llawkeye, which is approximately one sixty-l'ourlli of the eiitin* popu¬ 
lation. The segregation found suggests that at least 3 factor pairs are in¬ 
volved and that Hawkeye, the late parent, })ossesses genes for oarliness of 
liHading. 
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The (listrilmtion of llie h'.i lines of tlie cross IlondxS.I). 334 show tl\at 
approxiinatc’lv one-third were as late as the late parent, S.I). 334, ainl one- 
qiiarter as early as the early parent, Bond. The distribution snsrfrests that 
at least 1 main factor pair and possibly 1 or more modifying' factors are 



Fi<r. 1. 'J1ic (lisli’ihiit’um of from to lioadiii^ ot‘ K.. lims t'oi' tin' 

<*ro>isos lloml X lljiwkcyt*, JjOIhIxS.J). 3.T1 nnd viiriotios. 

invohod. A fw oadior and lalci* than (‘ilher parent s\i«i<;vsl the ix^ssi- 
hilit}" of* traijsj^i’essive sejrrej^ation. 

SUMAIAKV 

A study was made of tin* mode of inlieritanee of reaction to crown rust. 
Pact inia coivniafa avenar, and stem rust, P. {/ratninis arenar, several kernel 
characters, and earliness between crosses involving: several varietii‘s of An na 
sah’ra and Ibuid, A. by?:antina. 

Tlie sepTef,uition found for e.rown-rust reaction in all cross(‘s, savi' 
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Boiul X S.ll. 334, call be ox])Jaiiie(i by eitlier the liyjiothesis of tAvo comple¬ 
mentary fa(»iors carried by Bond as sujr^^ested by Hayes rt al. (1), or that of 
two factor pairs, S a factor for crowii-rnst resistance and I a factor which 
partly inhibits the expression of S as snprjrested by Torrie (7). Plants 
heterozygous for both factor [lairs were more susceptible in the field than 
in the greenhouse. 

A single factor pair with dominance of resistance governed stem-nist 
reaction. 

In the cross Bond x Ilawkeye the characters of basal hair length and 
niimbei*, basal articulation, raehilla attachment, lemma color, awnedness and 
twisted black base of awn were monogenic and linked. In the cross Bond x 
S.D. 334 the same keriu*! characters were digeiiic and linked. 

A i^artial dominance of earliuess of heading was found in tlie cross 
Bond X Hawkey(‘, while in the cross Bond x H.D. 334 lateness of heading was 
dominant over early heading. 

Departments op Aoronomy and Plant Patiioloov, 

Wisconsin AoRici i.TrRAL Experiment Station, 

Madison, Wisconsin. 
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ExpcrimentH with New Organic Fungicides for Control of Apple Scab 
and Brooks^ Fruit Spot (Phoma pomi)} —Cooperative applc-seab-coiitrol 
experiments were conducted in Delaware on the Red Delicious and Rome 
varieties of apples and in New Jersey on the Rome variety during the 1044 
growing season. Several of the newer organic fungicides were tested in 
dosage series. The test on the Rome trees in tlie Delaware experiment was 
begun after scab had become established in the ])lanting. 

In the Delaware experiments, U. S. R. No. 604 (2,3-dichloro-l,4-naphtlio. 
(piinone) at 1 and li pounds per 100 gallons and Puratized Nfv-X (j)lieuyl 
mereiiri triethanol ammonium lactate) at 1-1,000 (1-8,600 active ingredi¬ 
ent) and at 1-2,000 (1-17,200 active ingredient) ecjualled liquid lime-sulphur 
at IJ gallons per 100 gallons of water for scab (*oiitrol. Permate (ferric 
dimethyl dithiocarbamatc) at li and 2 pounds p(»r 100 gallons, Permate at 
;j)Ound plus i the rt'cummended (juantiU' of Micronized Sulfur, No. 604 
at 3 pound or at J pound i)Ius ZnSOrlime i-], and Isothan Q -15 (lauryl 
isoquinolinum bromide) at 1-1,000 (1 5.000 active ingredient) equalled the 
standard wettable sulphurs in jjroviding ]M*otection against scab. He 175 
(disodium ethylene bisdithiocarbamalc) as used (0.45 to 1.8 pounds per 100 
gallons) either alone or in combination vith zinc sulphate-lime Tailed to 
provide satisfactory control of apple scab. 

The scab control in the New Jersey experiments was in tin* same oj*der as 
those in Delaware, Avith the exception that No. 604 at the l-])ound dosagi* and 
Isothan Q-15 drop})ed to slightly below the efiiciency of a Avettable sul})Iuir. 

In an exiieriment at Che.sAVold, Delaware, designed to compare tlie eradi- 
caut value oC Puratized N5 -X Avith liquid lime-sulphur, Rome treiis with scab 
on the foliage and fruit Avere either left iinsprayed or Avere sjirayed Avith 
lime-suli)hiir or Puratized N5- X. Puratized N5-X, at 1-1.000 and 1-2,000. 
had oradicative properties at least equal to those of lime-snljihur: only 9.5 
and 10.5 per cent of fruit Avas infected aftt^r Puratized treatment, 17 per cent 
aft(‘r lime-sulphur spray, and 97 per cent on trees williout treatment. 

In experiments in Ncav Jersey during the last 3 years on the Stayman 
vari(dy, Thiosan (tetramcthyl thiuram disulphide) at ])Ound in 100 gal¬ 
lons, Fermate at pound, and lead dimethyl dithiocarbamate at i{ pound 
have given excellent control of Brooks’ fruit si)ot (Table 1), when used at 
the 1 1 -, 27-, and 37-day (after petal fall; applicatiojis. Trees .sprayed witli 
the.se materials, u.sed Avith or without oil, have been remarkably free trom 
spray injury. In 2 of the 3 years that Fermate has been used* during the 
early cover s])ray period, lime in combination Avith this material lias not pro¬ 
duced any more russetting than has Fermate Avtihout lime, in 1943, hoAv- 
ever. the combination of lime and Fermate Avas more phytocidal, as judged 
bv fruit russ^'tting, than Avas Fermate alone. Where No,* 604 was used Avitli 


1 Journal Series i>apor of tlie New Jer.sey Agri.Miltural Experimotit 
I nivemty, Department uf Plant Pathology. 
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TABLE 1 .—Control of Broolcs’ fruit spot on Stayman apple at Vincentown, New 
Jerseyj in 194S and 1943 


Pounds of materials used in 100 gallons 
of water® 


Lead dimethyldithiocarbamate, lime, 2-3 . 

Tctramethyl thiuram disulphide, lime, 2-3 . 

Formate, lime, 2-3 . 

do , H. 

do , i 

do , lime, 1-3. . 

Bordeaux, ^-4 . 

do , i-4 + Coposil, i. 

Lime, 3 . 

Micronized Sulfur, lime, 4^-3 . 

(Iheck, not sprayed 


1942 

1943 


Fruit free 
from 

Fruit free from 

Fruit spot 

Fruit spot 

Russett 

Per cent 
99.0 

Per cent 

Per cent 

98.7 


. 

98.7 

98.5 

97.0 


97.5 

94.7 


98.1 

84.6 

94.9 

87.3 

90.7 

97.1 

96.8 

92.1 

75.0 

61.6 

97.4 

75.8 

62.5 

92.0 

12.9 

5.6 

94.6 


® All spray oombiuatious carried 3 lb. of lead arsenate in the 17-day and 2 lb. in t' 
27 and 37-da.y applications. A summer oil emulsion was used at the rate of 0.75 per ce 
in the diluted spray at the 27- and 37-day applications. 

oil, excessive injury occurred. Oil was used with Puratized N5~X, Isoth. a 
Q-15, and He 175 dnriiip: 1945 without iuereasing the injury to apple foliage 
or fruits. The combination of Puratized N5-X with oil was very toxic, how’- 
ever, to poison ivy growing under the trees. In Delaw^are, No. 604 and oil 
priKluced excessive injury to Rome, whereas injury was slight with Pura¬ 
tized N5-X and oil.— Robkkt H. Daines, Associate Plant Pathologist, New- 
«It*rsey Agricultural Experiment Station, Rutgers University, New Bruns¬ 
wick, New’ Jersey, and S. L, Hoppekstkau, Associate Research Professor in 
Plant Pathology, Delaware Agricultural Experiment Station, Newark, Dela¬ 
ware. 


Biny-liot-Likc Symptoms Produced hy Soft-Rot Bacteria in Potato 
Tuhers? —In 1944, many potato fields in Minnesota w’cre flooded b.y heavy 
rains at harvest time, resulting in various types of decay, both in the field 
and in storage. While the etfect of water on tuber decay was being studied 
in the laboratory, symptoms similar to those of bacterial ring rot {Coryne- 
hacterium sepedonicum) w-ere observed. (See figure 1, B.) Soft-rot bac¬ 
teria {Erwinia carofovora) appeared to be the cause of the symptoms w’hich 
had i;ot been seen previously, or at least not I'Ccognized, in the field or on 
stored tubers from flooded fields. 

Certified seed stock of the Cobbler variety, which had been stored for 
approximately seven months under optimum storage conditions, was used 
in the original experiment. The tubers w^ere submerged in w’ater held at the 
constant temperatures shown in figure 2, and were removed from the water 
and examined at the time intervals indicated in the same figure. 

1 Paper No. 2252, the Scientific Journal Series, Minnesota Agricultural Experiment 
Station. 
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Fig. 1. A. Ring-rot-like sj^mptoiiis produced ]>y soft-rot bacteri.n in tuber of Cob¬ 
bler; B. Baeterial-ring-rot symptoms produced by Corynchacteriinn seprdonirttm iu the 
same variety. 

Fi»rnre 1, A, illustrates the syinptoius, whieh resemble those of ring: rot 
ill that the tissue in the regrion of the vaseular riujr decays and this causes 
the (‘ortex to separate easily from tlie Kaediilla. In tlie earlier stages of 
breakdown the infection in the vaseular area radiates away from the stem 
end and from the eyes of tlie tuber, indicating that infection occurs at these 
points. When a slight pressure is applied to a cut tuber, a white to cream- 
color ooze exudes from the infected portion of the vascular elements. This 
ooze, however, is lighter than tJiat associated with ring rot and is creamy 
ratlier than cheesy in consisteiu^y. A water-soaked area extends on both 
sides of the vascular elements as seen in figure 1, A. The relation of tem¬ 
perature and length of time flooded to the occurrence of this type of vascular 
decay is indicated in figure 2. 

The experiment was re])cated, using again the (-obbler variety from the 
same source, certified seed stoc'k of Bliss Trium])]i which iiad been stored for 
the same period of time, and immature Bliss Triumph tubers from Texas 
which were obtained on a local early spring produce mark('t. The results 
with tubers of the (kibbler variety were the same as those j*eported in fig¬ 
ure 2. The stored Triumph tubers responded similarly except that they 
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appeared to be slij^litly more susceptible to infection than tlie Cobbler. Tlie 
symptoms appeared in the new Triumph tubers 48 hours after beinj' ob¬ 
served in the stored Triumph tubers. 

All isolations from affected tubers have yielded (!ram-negative bacteria 
of the Erwiuia soft-rot group. Thus it appears that soft-rot bacteria, in 
potato tubers which are subjected to the conditions described, may produce 
symptoms resembling those ])roduced hy the bacterial ring-rot organism.— 
U. S. Davidson, University Farm, St. Paul, Minnesota. 

Sclerotium Rot of Potato Seed Pieces.—Sclcrotium rolfsii Sacc. was 
found attacking potato seed pieces in a field near Hastings, Florida, in 
Mar(*h, 1945. Cabbage had been grown in this field during the winter and 
after that crop was removed the field was planted to potatoes of the Sebago 



Fj(J. I. M.vi*(*liuiii of Sclcroiiinn rolfsii growing in seed pieocs which had been uptu¬ 
rn IJy infected in the field (A'), and typical mycelium and sclerotia of S. rolfsii on a 
naturally infected ])icee held in a moist chamber for 5 days (B), 


variciy on February 15. Tlic soil was extremely dry when the potatoes were 
planted and it remained dry until the latter part of March as no rain fell 
to wet it and the field was not irrigated. The seed gei-minated poorly. Some 
])ieces failed to pro<luee sprouts or roots while other}, formed a few roots and 
eliisters of sprouts similar to those seen on sprouted tubers in storage bins. 
The tips of most sprouts shriveled, died and turned brown in the hot, dry 
sand as soon as they emerged from tlie soil and were exposed to the snn. 
When seed pieces were examined, one month after planting, approximately 
4 of each 10 were affected with a rot which originated on the cut sides of the 
pieces. A white mycelium resembling that produced by S. rolfsii was found 
ill decayed holes in the pieces. Mycelium grew very rapidly on decaying 
Iiieces placed in a moist chamber (Fig. 1, A), and typical sclerotia of 8. 
rolfsii formed on one piece kept in the chamber for 5 days (Fig. 1, B). 
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Bits of tlie iiiycelinin of tlie orj^anisiii were taken from the rottiuj? pieces 
and jilaced in contact with liealed and nonhealed cut surfaces of seed pieces 
wiiicli wei’o then planted 2 inches deej) in sand in 8 flower pots. Four pots 
were waten^l and four receivenl no water. Wiien examined 7 days later, 
small dt‘c^lyed areas wei*e found in inoenlattnl pieces in dry soil, but the 
pieces in wet soil had been almost completely destroyed by rot. Character¬ 
istic mycelium of S. roJfsii was present on ])ieces removed from wet soil and 
when one of these was held in a moist chamber for one wc^ek, Ihe funt*:us pro¬ 
duced abundant selerotia. Mycelium and sclerotia also were found in the 
<lirt and on inoculated pieces left in dry soil for 2 weeks. neale<l seed pieces 
became infected as soon as the freshly cut i)ie<‘es when the orfranism was 
placcnl in contact with the cut surfaces. The lh‘sh of affe(*t(Hl T)ieces was soft 
ami white iJi ilecayed areas but no offensive fab)!* was ]>resent. 

A sclerotium rot of tubers caused by aV. rolfsii occurs throuj^liout the 
southern states’* but, so far as knowJi, this is the first re])ort of the natural 
occurrence of sclerotium rot of seed pieces in the field. Kdson and Shapova¬ 
lov^ recorded rottin*^ of seed which had .been inoculated with Sclerotium 
rolfsii ])rior to jilantinjr, but they did not report fiudinjr any seed jiieces 
which had been naturally infected with the disease in the held. 

The causal organism is beinj*: reported under the name of the vej^etative 
stajre because no basidial stapre was found associated with the disease and 
no very clear-cut characters have been reported for seiiaratinp: Corlicium 
rolfsH (Sacc.) Curzi and (\ cculrifu<jum (Lev.) Bres. in tlu‘ vepretativi* 
stap:e.— A. H. Eddtns and Krdman Wkst, Aj^ricultutal Kxy)eriment Station, 
University of Florida, Gainesville, Fla. 

1 EddiiiH, A. IT. Diseases of plants in the T!jiitt‘(l States. V. S. Dept. A^r., Plant 

Dis. Kptr. 26: r.54. 1941. Hiippl. 119: 241. 128: 299. 1940. 

2 MeClintock, .T, A. A tuber rot of Trisli pot:itoc*K. Tenn. Ai^r, Kxij. Sta. (^irc. o2. 
P.KIO. 

^ Weber, G. P. Southern blijylit, Corticium rolftdi^ on ]>ot;ito tubers. Plivtoi»ath. 

33: r>in-r)i7. 194.3. 

^ Edsoii, IT. A., and M. Shapovalov. Parasitism of SrJrrutivm mlfsii on Irish i>ot;i- 
toes. Jour. Agr. Kes. | IT.S. | 23: 41-4(>. 1923. 



LEON HATCHIG LEONIAN 
1888-1945 
C. T?. Orton 

Dr. I^ron Hati'hifr lieoniaii was born at Van, Ai’inrnia, February 27, 1888, 
and reeeived liis seooinlarv ediu*ation tliere. He einijrrated to tlie United 
Slat(*s at the a^^e ol' 20, wliej*e li(‘ worked for a few velars in New York and 
in J)etroil. 

He was ^^radnaled from the University of Kenlm*ky with the H.S. d(‘*rree 
ill lf)i() and from tlie University of Mieliijran with the tlejrree of M.S. in 1917. 
Following a year as Assistant Ii(*s(‘ar(*]i Jlortimiltnrist at (Oeinson College 
and a jieriod as Assistant Professor of Botany and Plant l^atholofry in tin* 
New Mexieo State Uolle^e and Experiment Station, he returned to the Uni¬ 
versity of J\Iiehij>aii. Tliere lie stiidiinl Myeolojiy under Kanfmann and 
received the Ph.D. d(*‘rree in 1922. Tliat year he Avas ap})ointed Assistant 
i*lant Patholo«rist in the (JoJIep:e of Ajrrienltnre and Kxperiimmt Station at 
West Virginia Universitx'. Here he bei'aim* Professor of Myeoloj^y and 
Myeolojiist in the Experiment Station in 198(), the position Ik* Jn^Id to the 
time of his deatli, dune 7, 1945. 

Professor LeoniaiUs early work was (Unvoted to the study and control of 
plant diseases, iiartiimlarly thosi* caused by the downy mildews and by tin* 
Fnsaria. His training- and Ids exjieriences with the behavior of fnnjyi led 
him into moi*e detailed studies of the physiolojry of fnnjri, studies which 
b(‘r‘ame his major research pro<^a*am diirin<>: his last fift(‘en years. His work 
on tin* infhnmee of jrrowth and sexuality factors in fnnjzi and on *iroA\"th fac¬ 
tors for bacteria was productiA’e of a lonjr series of jniblieations in ranking 
scientific journals. 

Dr. Leonian was hij^hly individualistic, ahvays interested in livin'* 
orjranisms, their habits of develojniient and reprodiadion. their jrrowth and 
metabolism. He was never interesteil in dead specimens. He abhorred tlie 
herbarium. To him taxonomy by the accustomed method of studyinj^ her¬ 
barium speidmens was a ^r<*at waste of time. His ultimati^ aim was to dis¬ 
cover as many potentialities as possible of those living organisms in which he 
was iiarticularly interested. His later association with Dr. V. G. Ihlly 
enabled him to delvi* de(*per into the field of mineral and vitamin metabolism 
of several «;ron])s of lower or»:^anisnis—Avork Avhich Avas productive of seA^eral 
new contributions to science. 

As an avocation he hecanu* interested in the breedinjr of delidiiiiiuins, day 
Tillies, and oriental poppies, ac]iieAin«»: outstandiii** results from hybridiza¬ 
tion. Seeds from his “Lyondel Gardens” justly received international 
acclaim. With his ability as a speaker and as a floAV(‘r br(*eder, he Avas much 
in demand as a speaker at <rarden club coiiA^entions in a several-state area. 
For many years he edited the Deljdiinium Year Book and in 1935 published 
"'How to Grow Delphiniums” in book form. 
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As a tea('h(*r liis kiiowledjre, his ready wit, and his syinpatJietie iiiider- 
standinjr of their problems made liim a favorite with his students. Tn tribute 
to his interest in the welfare of students, his friends and assoeiates Jiave 
established a Student Loan Fund in his memory. 

A larfre host of friends and assoeiates will rennmiber for their life-time 
his frank ways ajul j?(‘nial sinile. 

rUBLIOATlONS OF ijEON IIATCUIIG EEONIAN 

FusMiiiiin will of rliilo i)e]>]u‘r. Nf‘\v Mexico Kx]>. Stfi. Bnl. 121. lOU). 

Studies (01 tlie Valsu a]»|)lo canker in New M(»xico. ]»liyto}>aMi. 11: 237-242. 1921. 

Stem and fruit hlijjlit of ])e]>|»er c:nis<*d l»v PluflophUiora cnpsici so. nov. Plivtopatli. 12: 
401-40S. 1022. 

The jdiysioloffy of |)(*rith(‘cial and pvcnidial formation of Paisa Irucosloma. IMiA'toijath. 
13: 237-272. 192:1. 

.V stinh’ of fnetors jiroinoting pvcnidiuneforinntion in some Sphaerojisidales. Anier.’Jour. 
Bot. 11: 19-50. 1924. 

IMiysiolojjical studies on the ^enns rhpfophlhora. Aimu*. Jour. Bot. 12: 444-498. 1925. 

'rini inorjdiology and the pathogenic it a’ of some Fhvtophthora niiitatioiis. Phytoi)ath. 16: 
72.3-730. 192(5. 

Tlu^ (‘fTect of difTertmt hosts upon the sporanj^ia of som(‘ Phvtophthoras. Phvto]»ath. 17: 
48:i-490. 1927. 

Studies on the variability and dissociation in the j>[enns Fnsarinni. Plntopath. 19: 7.53- 
8(i8. 1929. 

iV)mj>arntive value of the size of Phytophlhora sporangin obtained under standardized 
conditions, dour. A|rr. Pc‘s. [ P.S.] 39: 29:i-.*Jll. 1929. (With II. B. (tREEK. ) 

1 )ifF(‘rent ial j^rowtli of IMi vtophtiioras under the net ion of malnchite j;r(*(‘n. .Aiikt. dour. 
Bot. 17: (i71-(i77. 19:i0. 

Attempt to induce inixochimaera in h'itsarinm i}iiiiiilifonn(\ i*hYtoj)ath. 20: 895-901. 
1930, 

Beterothallism in Vhji1npUlh<mi, Phyto|nitli. 21 : 941-955. 1931. 

'I’he etfeet of position of tlie iiioeuluin njioii the growth of some Trirhophifltms in the }»res- 
eiu'e of dyes. .Arch. Deriri. and Syph. 26: 101(5-1020. 1932. 

The pathojyeiiicity and the v.ariability of Fusarhim monUiformr from corn. W'. Ya. Agr. 
FiXp. Station Bui. 248. 19:i2. 

Identification of Phpinphthiaa s])(*cies. W. Ya. Agr. Kxp. Stn. Bui. 202. 1934. 

Tlie (*ffect of auxins upon ]*hif1(^phlhora rnrfonnn. .loni. Ajjr. Res. |TT.S.] 61:277-2H(>. 
1935. 

Pontrol (»f sexual reproduction in l^luflophthoia caclonnu. Anna', .lour. Bot. 23: 188-190. 
193(1. 

3’h(* effect of auxins from some j^remi aljjae upon PhhhtpUfham ractaniw. Bot. (biz. 97: 
8.54-8.59. 1930. 

Is heteroauxin a growth ]»rimiotiii^ substance f Anier. dour. Bot, 24: 135—139. 1937. 

(With Y. (j. Lilla .; 

Partial jiurifleatioii ot a vitamin like snbstarici* Avhicli stimulates sexual reproduetioii in 
certain funj^i. Amer. dour. Bot. 24: 700-702. 19:17. (W^ith V. (1. Lilly.) 

Studi(*s on tin* nutrition of fiin^i. I. 'fliiamiu, its eonstillimits and the sonrci* of nitro¬ 
gen. Pliytojiath. 28: .531-548. 19:38. (With V. (L Lilly.) 

Studies on the nutrition of funj^i. 11. Kftect of the inoeiiluiu on the growth of the 
colony. Phytopath. 29: .592-590. 1939. (With V. G. Lilly.) 

Vitamin 11, in soil. Sciem-e 89: 292-293. 19.39. (With V. (L Lilly.) 

Studi(‘H on the nntrilion of fungi. III. Auxithals synthesized by some tilaineiitous fungi. 

Plant IMiysiology 15: 515-525. 1940. (With V. G. Lilly.) 

Studi(*s on the nutrition of fungi. IV. Factor.^ innuenciiig the growth of some thiamin- 
recpiiring fungi. Amer. dour. Bot. 27: 18—20. 1940. (W^ith V. G. Lilly.) 

Studies on the nutrition of fungi. V. Factors al¥(‘cting zygosjiore formation in Php- 
roinprrs hlal'csicfarias. Amer. Jour. Bot. 27: 070-07.5. 1940. (With V. G. Tjlly.) 

'fhe growth rate of some fungi in the pre.seiiee of coearboxyla.se, and tin' moieties of 
thiamin. Proe. W. V'a. Acad. Sci. 14: 44-49. 1940. (W. Ya. TTniv. Bnl. Ser. 41, 

No. 4-II. 1940.) (W^th V. G. Lilly.) 

Factors affecting the yield of some thiamin-requiring fungi. Proe. Third international 
(\mgreHs for Microbiology, New York, 19:39. pp. 490—498. 1940. 

Some factors affecting the drv Aveight of ChlorvUo vuUfons. Amer. dour. Bot. 28: 509- 
572. 1941. (W^ith V. G*. Lilly.) 
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Thp (‘ffft't of vitaniiiiH on ton strains of Saecharomtfcrs ccreviaiar. Amor. Jour. Hot. 29: 
4r)9-4ti4. 1942. (With V. (^. Lilly.) 

A^itaniin svnthoais bv a voasl oonvorlod from a hottn'otropliio to an autotrophic habit. 

Scionco 95: tiHS.' 1942. (With V. (5. Lilly.) 

I’ho unknown factor” in tlio growth of Stirrhanrmifrcfi crrrrisiar. Jour. Bact. 46: 
191-192. 194;{. (With V. (L Lilly.) 

Iiuliicod aiitotropliisin in roast. Jour. nact. 45: 329—.'L‘U). 1943. (With V^. (1. Lilly.) 

Tlio offoct of pH on the availabilitv of p amiiioboiizoic acid to Xritrospora crassa. Sci(*nco 
99: lS-19. 1944. (With O* Wyss and AL (J. Lilly.) 

3'lio anti-])iotin otfoct of dosthiobiotin. Scionco 99: 295—209. 1944. (With Y. (1. JiiLLY.) 

Vitrogtui niotalxilism in Snrrharomifcrs cerrvisiar. Pro**. W. Va. Acad. Sei. 16: ()0-70. 

1944. (W. A^‘j. Pniv. Hul. Sor. 44, No. 9-1. 1944.) (With V. 11. Lilly.) 

(’onvorsion of tlosthiobiotin int(> biotin or biotin-liko siibstancos bv soino microorganisms. 

dour. Bact. 49: 291-297. 1945. (With V. (1. Lilly.) 

A qiiantitativo comparison of biotin and dosthiobiotin for tho growth of cortain mi< ro- 
organisms. Jboc. \V. Va. Acad. Sci. 17: o.V-61. (W. Va. IHiiv. Bill. Sor. 45, No. 

J9-I. 1945.) (With V. <J. l.iLLY.) 

Tho comparativo valuo of diH'orout tost org.anisms in tht‘ microbiological assay of B vita¬ 
mins. W. Va. Agr. Kxp. Sta. Bui. 319. BM5. (With V. (1. JiilJ.Y.) 

I’lio intorroJationshi]» of iron ami ctM-t.ain accc'ssorv factors in tlio growth of Kiii/oiduni 

trifolii, stniin 295. dour. Bact. 50: 3S3-2»9.5. 11M5. (With V. (1. Lilly.) 



JMPLOniA ROT OF ONIONS 


(M. E N B . B A Ai s E Y , 1 Barbara V . FT k i h k r <; , a n i> 

.r A M K S S . W I A N T 

(A<‘coj»(c(l for jnihlirntion Oriobor 1(», JFM.') ) 

A (lr\’ or Jeatlu'ry rot of Texas-^rowii ("rystal Wax ouions ('aused by a 
sj)e(‘ios of DipJoihn was first foniiil on the Chirajxo niarkrt in June, ]038 (5), 
and on tlio New York, N. Y., market dnrin**; tlie following season. Tlio dis¬ 
ease has he(Mi ol)served from time to time eaoli year since then and was iinnsii- 
ally prevalent on both markets dnrinjr 1J>44. The dec-ay Jias been found only 
<ni Texas-jjrrown onions and only on the white varieties. Colored onions 
shii)ped from Texas durinjj: June do not show the disease. Although as hi^h 
as !2r> j)(‘r cent of some lots of white onions have he(*n afteett'd, ordinarily the 
losses fnmi Diplodia rot are not of jfreat eeonomie importanee. Howevej*, 
the blaek disi'olorations ])ro(lneed are considered serious blemishes on white 
onions and the market value is reduced out of j)ropoi-tiou to the actual (i(*cay 
present. 

On Jiiai’ket onions the cliaraeteristic symptom of this disease is silve»ry- 
jjray to hhu'k discoloration of the outer dry scales about the u])p<*r half (d* 
the bul})s ( Fi^^ 1, A B, C). O(*('asionally the dry s<*ah\s all over the onion 
are discolored (Fi^. .1, F, (1)« In many ouions dead and <Iyin^ portions of 
the outei* fleshy scab's are also invaded ami become black and leathery (Fi<r. 
1, 1>, O) but the su('(uib*nt livinj; part of these s(*ab*s is not invaded. Tn the 
more advanced stages hla<‘k pycnidia sinjrly or in ^roui)s of two or three are 
visible on dead scales ( Fi^*. 1, (\ F, (i). Mu(*h of the mycelium that causes 
the dark discoloi’ation is on the surface of tin* outer dry scale and between 
this scale ami the first fleshy scale (Fijr. 2, A, It). No decay of the internal 
fleshy scales iias ever h(‘(*n ohs('rved. 

Isolations from the discolored dry oul<*r scales ami from the dyinjr ti])s 
of tlie first fleshy scales af tlie neck liave consistently yic'hb'd a s])ecies of 
Diplodia. The sp(;ves pro<lu(‘ed are for the most part one-celb»d and hyaliuf' 

( Fi«r. 2, C), hut with a^n* a hi^h f)roportion of them become brown, striated, 
and 2-c<'lleil (Fi«r. 2, D). Spores obtaiiu'd from px'cnidia on onions and tliose 
])rodu('ed in pure cultures usually ranjre from 10.2 to 17.7 > 20.0 to 28.4 
averaf^injr 12.8 > 2«‘1.() p. Neither in pure <‘ul1ure nor in diseased onioji tissue 
has a perfect stajre been ohsei'ved. 

On j)otato-dextrose-ajrar plates the minimum temperature for ^^roAvth of 
the fuiif^nis was oO^ F.; the optimum 85'"; and the maximum 104^. 

In plate (‘ultures the onion Dtplodio Avas com])ar('d with 12 other isolates 
(d* Diplodia from six different hosts, jiamely, avocado, cocoanut, oran^^c', pea- 
init, sweet potato, and watermelon. Altliou^h variations in character of 
frrowth and in spore measurements were observ('d, in no instance did they 

» Sciiuir r.-ithologist, ScipiitWic Aide, ■* Associate Pal!i(»lojrist, Division of Fruit ainl 
Wj<etahle (^ro]»8 and Diseases, Jnireau of Plant Industry, Soils, and Aj,rrienltural Kngi- 
Jieeririi^, Ajjrieultural l?es(*areli Adiniiiistration, I . S. Department of Aj^fi’iculture. 
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Fi(J. 1, rot of onion. A, H, IVatiirnlly iiifoctcd wliiU* onions with typi¬ 

cal discoloration and decay as noted on tlie market. T). Leathery type of decay on dyinjj 
(Uiter fleshy scah*K of naturally infected white onion. H. Discoloration of dry scales at 
neck \ f onioii seedling resulting from artificial inoculation. F, C. Advanced stages of 
discoloration of out(*r scales of naturally infected white oifnm. Pvenidia are alnindant 
in C, F, and G. 
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appear to be of suffieient iiniiortaiice to indicate that distinct species were 
involved. 

The onion I)iplo(ha has betni proven pathojrenic to sweet potato, apple, 
anil oraiifife by means of inoculation experiments. Apples inoculated throiifrli 
a. side wound developed an extensive brownish-black lesion within a week 
and ultimately the whole fruit was converted into a black, moderately firm 
mummy. Pycnidia were formed in the peel and the internal tissues were 
full of lar^e hyphae tyjiical for Diplodia, Stem-end inoculations of oranjres 
with the onion Dt plod hi j)rodueed tyj)ical stem-end-rot symptoms identical 
Avith those produced by ]). Hafaloisis from oranjres. In other cross-iiiocula- 
tion studies isolates of Diplodia from onion, watermelon, sAveet potatoes, and 



Fhj. 2. DipUuVm viiialt n'iis from onion. A ;incl Ti. Hvplmo on and liotwirn outor 
.st'olis of wliitr f)ni«)?i Imlhs. 100- and :Jlo>, respectivolv. (\ Yonn/^r ]-cpll hyaline 
spores. 21;*) V. T). U.-»wn, striated 2 cell spores. 21;*) «. 


oi-anjres proved patho»»enic Avhen inoculat(*d in SAveet y)otatoes. A dark 
brown, fairly firm, moist decay Avith a sharp line of demarcation betAveen the 
diseased and healthy tissue, characteristic of JcAa Black Rot in sAveet 
])otatoes, Avas f)rodu('ed in (*a<'h instance. 

These results arc in ajrreement AA’ith those of others (1, 2, 6, 7) Avho have 
shoAvn that strains of Diplodia from a Avide variety of crop plants are similar 
m<)rj)holo^ncally and produce similar symjdoms Avhcn cross-iiiocnlated on a 
number of different host plants. 

On the basis of the present studies the Avriters consider the onion Diplodia 
to be a strain of Diplodia iiaialensis Pole-Evans. 

The invasion of onion by Diplodia always appears to be limited to the 
dea(l outer scales and the dyinj*; fl(*shy scales at the neck and down the side 
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of the onion, tlins indieatinj^ tJiat the fniijnis is sa|)ro|)hytie or only weakly 
parasitie to onions. Some •rrowth of the fnnjrus was ol)taine(l by inoenlatiii^ 
the dry seales of a younjjr onion plant just above the bn lb and holdinjr it iji 
a moist ehamber at 75^^ F. for ten days (Pi**-. 1, E). Tlie oidy jjrrowlh ever 
obtained in the fleshy seales was in wJiite j)eeled ojiions that had been dippe<l 
in boiling water loji^ eiionji’h to kill the tissues of the outer seales. All 
attem])ts to ])rodnee deeay by inoenlatinjr fleshy sueenlent seales of white, 
yellow, and r(‘d onions have failed. This is in line with observations of this 
disease on market ojiions. 

In view of the faet that jrrowth of this DiphnlUi seems limited to white 



c r 



Fig. :i. rrcMM t.iiioii. IikkIm (li nwinjrs r;i7."> . ) . K. Spores 

plasmolized by jin’rc of ftosliy srolcs. F. Xonn;il Kenninotion of .spun* in wntor. Ah 
iiLmiai rmiiiution in a wntor oxtrnrt of dry colored onion scales, with Inirstint: of spores 
mid oxtrusmii of .•oHTciit.s. 11. Hpoio Koimiiiiited in )iickoih-o of drv wliitc onion srnlos. 
J. .1, iind Iv. Al.iiorniul >ronmn:ition in w.-iloi- .•xtirift.s of vollow, hn.wn, mid rod soolos 
ros])eetively. 


onions it was decided to clieck the read ion of this fnnirns to I lie eolor piir- 
uients^ in yellow, hrowii, and ml onions to deterinine whether they were 
responsible for the apjiarent iinninnity of colored onions. To do this a sus¬ 
pension of Diplodm s[)ores in sterile water was made and drops of tlie snsjien- 
sion wer- placed on sterile cover slips. Approximately 4 sij.inin. of colored 
or white onion scale was placed in these drops and the slips were then in¬ 
verted over Van rieij:heni cells. I)roj»s of the sjxire suspension placed over 
Van Tieirhem cells without tlie addition of onion scale were used as controls 
All cells were allowed to staii.l from 18 to 24 hours at room tenii>eratnre and 



1946J 


RAIvrSEY ET AL. : i)ll»LODIA HOT OF OniON 


249 


then counts of ^^onniiiHtcd spores were made. From counts of over 1,000 
spores tor each tyj)c ol scale use<l, it was found tliat 92 |>er cent of the spores 
germinated in the contr^d cells, 94 per cent in the presence of the white 
scale material (Crystal Wax), h() per cent with the ycdlow scale (Yellow Ber¬ 
muda), aiid (iO per (^ent with the red scale (California Red). The ?jcerm tubes 
j>rodueed by spores in llie preseij(^e of the white s(*ale tissue were normal 
(Fifr. H, H), whereas those ])rodnced in the pn^sence of yellow and red scale 
tissue were abnormal. 'Plun’e were no normal fxerm tubes in the presence of 
any colored scale material and about Imlf of tlie unjrerminated spores burst 
and exiruded their cytoj)lasm (Fi^. II, (J). The «»erm tubes that were devel- 
()[)ed were sliorter, thi('k(*i*, more branched, and more septate than normal 
( Fi^^ 3, 1, J, K). The ‘rerni tubes that develoj>ed in the controls and in the 
pr(*seiice of whit(* scale tissue were lon<r and slender with few cross Avails and 
little branchinj*' (Fi<r. 3, F, H). The reaction of this fun*»:us to the pig:- 
mented onion st*al(N is very similar to tliat of CoUvIol rich uni cirri nans 
(Fterk.) Vo**:lino as reported by Walker and others (8, 9, K), 11). 

The effei't of water ext raids of pijrmented onion scales on spore jj^ermina- 
tion of Diplodia was t(‘stcd in many experiments. Except for slig:ht vari¬ 
ations, the results obtained were usually similar to those just reported. 
However, it was noted that the deg:n»e of pijrmentation (yellow, brown, or 
red) influem-ed tin* idiaraeter and amount of g:(*rmination. The more concen¬ 
trated the piganent, tin* less tlie germination and the more abnormal the g:erm 
tubes produced. The water extract of dark scales of Australian BroAvn 
onions inhibited spore germinatioji to a jrreatm* degree than the colored scales 
of any variety tested. It was also noted tkat the spores farthest from tlie 
si^ale particle in the hanging dro]) had more n(‘arly normal germination and 
growth than those nearest it. The imlications are, therefore, that some 
idieniical substaui'C associated Avith the pigment in the dry outer scales is the 
prin(d])al inhibiting agiuit for Diplodia. In view (»f the Avork of Link ct al. 
(3, 4), it i'. assumed that this (diemical is probably protocatedniic acid. 

Sini'C tJie internal fleshy bulb scales of neither the Avhite nor colored 
varieties of onion are invaded by Diplodia it seemed desirable to test the 
effects of the ])resence of bits <d‘ fleshy scale of Avhite and colored onions on 
s]K)re gerinijiation. This was done by placing a 4-s(pnnn. piece of fleshy scale 
in a hanging-drop watei’ suspension of s])ores in Van Ti(‘ghem cells, and also 
by ex])ressing the juice, diluting it in a spore suspcmsion in sterile water, 
and obserAung in hanging drops. Although the sj)ores germinated in the 
dilute juit'C exudiJig from bits of fleshy scales and in dilut(* juice extract of 
all varieties tested in the hanging drops in Van Tieghem cells, at higher 
concentrations of juice, gej'iiiination AA'as abnormal oi' totally inhibited and 
-many of the spores Avere ]>lasmolized (Fig. 3, E). In an experiment in Avhich 
the freshly extracted juice from fleshy s(*ales Avas used in a one to one dilu¬ 
tion Avitli a Avater suspension of spores 2 per cent germinated, Avhereas at a 
1 to 5 dilution 7 per cent germinated; at 1 to 10, 10 per cent, and at 1 to 20, 
H2 per cent. In the controls 01 per cent germinated. The inability of 
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J)iplodia spores to freriiiiiiate iionoally in onion juiee i)robably aeeounts for 
the faet that no invasion of flesliy wounds has been found in onions on the 
market. 

In an attempt to determine whether or not the Yaf)ors from fleshy seales 
would inliibit jrrowth of Diplodia, Petri-disli cultures seeded with spores 
were turned upside down aud into the lid was introdueed the freshly ex- 
l)ressed eoneentrated juiee of a red onion. Pj'aetieally all of the spores 
‘Terminated aud a normal ‘rrowth of Diplodki was ])rodueed within 24 hours, 
thus indieatiufr that the ‘rroAvth of Diplodia is not ijihibited by volatile sub¬ 
stances jjiven off by the juice of fleshy scales. 

The hydro<*:eji-ion concentration of water extracts from white, yellow, 
and red dry scales and of the fleshy inner scal(‘s of three varieties of onion 
(Crystal Wax, Yellow Bermuda, and California Bed) was determined in 
order to ascertain Avhether acidity mijiht be a factor in liniitiujr the invasion 
of onion tissue* by Diplodia. The dry outer s<*ales of each variety listed had 
a ])H value of 4.4 to 4.5. The juice of the fleshy scales Avas practically identi¬ 
cal for all three varieties, ran<rin^ from jdl 5.7 to 5.h. (hiltures (d* the onion 
Diplodia jrrew well on i)otato-d ext rose ajral* adjusted to ])n 4.4 and 5.5 but 
develojx'd slijrhtly more slowly than on the same medium adjust eel to pH 6.S. 
Growth on the medium at ])H 4.4 was retarded only sli^ditly more than at 
])H 5,5. Since there was little variation in the acidity (d* the dry scales or 
of the fleshy scales in the white susceptible \'ariety in comparison with 
colored immune varieties ol* onion, and since tin* fuu<>us ‘rrew well within 
the acid ran^e found iji these scales, the.se data indicate that the acidity of 
onion juice is not the f)rimary factor in ])reventiujT Diplodia from becominjr 
an active decay-producinjr or^»’anism in onions. 

sitmmaky 

A juoderately serious market disease of Texas-^rrown whit(‘-skin Crystal 
Wax onions caused by Diplodia iialalrasis Pole-Kvaus is described for the 
first time. (Vdored-skin varieties of onions from Texas were not affected. 

Only Tlie deail outer scales and the dunu parts of the outer fleshy scales 
of white onions ar<* invaded. \o decay of liviujr fleshy scales of bulbs has 
been observed and all attempts at inoculation of such tissues have failed. 

A chemical (probably jn’idocatechuic acid) associated with the pijrmeuts 
in water extracts of the dry outer scales of colored varieties of onions proved 
toxic to the onion-Diplodia sfiores. Dry scales of white onions do not carry 
this toxic ajrent in sufficient (juanlity to interfere with the germination of 
tlie spores. 

Determination of the ])II of both the dry outer scales and the fleshy scales 
of white and of colored varieties of onion shows that acidity of these tissues 
is not the primary factor in limitiiifr the iiathojrenicity of the onion Diplodia 
to white varieties. 

The studies here reported and the market observations made during the 
past seven years indicate that although Diplodia aatalni.'iis is not strongly 
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path<)^(*ni(* to onions^ it iuhv (*ausp a jrreat mln(*tion in market vaJne by pro- 
dueinjr sli^Jit de(;ay and by blemishin^: tlie sontijern white oninii erop. 

U. S. D1C1*ARTMENT Oi' AciKlCTILTirRE, 

CurcAoo, Illinois. 
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INFLUENCE OF TIME, RATE. AND DEPTH OK SEEDINC! ON THE 
INCIDENCE OF ROOT ROT IN WHEAT' 


F . .1 . R K A K K Y - 

(for pul)lic:itioH OetoluM- L’n. I‘Mo) 


INTKODIU'TION 

(^Jiinnon I'oot rol is bv ftir the most wi(los])iTa(l and d(*stni(‘tivo root 
ilisoaso of Avheat in Manitoba. It attacks both soodlin^s and niatnn* plants. 
iMilionjrli IlrlniiiithffsjXfriuHi saiirum P. K. and 1>. and (‘crtain sjandes ol 
Fui>(trium arr roiisideiTd the primary canso of oomm(»n root i*ot, other soil- 
borne fiiiifri an* ('onstantly asso<*iated with tin* disease in tliis Provinee, 
Furthermore, drought, ]>oor nutrition, and other eiivironimMital laetors ai’e 
almost invariably assoeiat<Ml with the disease in the field. 

The loss to tin* wh(*at erop of Manitoba fnmi eommon root rot is std)- 
staiitial. For tlie 10-year j^eriod 1928-1037h the averajre annual loss to this 
Provinee was estimated to be not less tlian l,fK)9,()()() bushels, or an annual 
easli loss of $l,:i3(),00().00 for that period (2). This estimat<‘, ]iow<*ver, was 
based on tlie results obtained in ex])erimental plots at AVinnipejj: and, when 
made, was reeo^niized to be extremely eonservative, as is now evident. On 
the basis of intensive systematic fi(*ld surveys, Maehae(*k ill) (*stimated that, 
for the 3 years, J93f) to 1942, the annual reduetion in yieltl of wheat in Mani¬ 
toba from eommon root rot was 12.1 per eeiit. This represented an avera<^u* 
yearly monetary loss of $3,827,000.00. 

The sim])lest and most effecdivc method of redueinu* tlu* loss(*s eaus(*d by 
eommon root rot is by tin* use of varieties in wliieh resistance to the disease 
has been eombined Avith other ilesirable «|nalities by the pro(*i*ss of hybridi¬ 
zation and seleetion. Althoujrh certain varieties of wheat are known to be 
much more resistajit tliaji others, tin* problem of breedinji varieties possessin»r 
hi^h resistance to root rot is a ditlicull one, and there is the ])ossibility that 
varieties wholly resistant under all environmejitai ('onditions may not la* 
obtained fcm a, considerable time. In tlie meantime, the control of the dis<*ase 
must dcjiend upon other ])rev(*ntive measur(‘s sm*h as eroj) rotation, manurial 
treatments, and cultural practices. 

The present i>aj)er is cojicerned Avith the intluenee of certain cultural 
practices on the control of root rot of wlieat, and r(*ports tin* n‘sults of fi«*Id 
experiments, carried out from 193t) to 1944, to determine the r(‘lation be¬ 
tween the date, rate, and depth of seeding of sin-inp- Avheat and the incidein*(* 
of root rot caused by Helm in tliosporiiuH .salinnn and Fusarinnt .v/vp. in seed- 
linjr and adult plants. A preliminary report on these experinn*nts has 
already appeared (10). 

1 CdHtributioii No. 827 from tlic Division of P.otanv Pl:mt Piitliolo^v, Science 
Service, Depart incut of A^friculture, Ottawa. Oanaila. ’ ’ 

n Associate Plant Pathologist. 
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EM'ElllMENTAE METHODS 


Tin* exj)eririi(Mits wero, for the* most part, at Winnipe**:, Manitoba. 
The soil at tl»is station is rlassifiod as a Jn*avy-t(*xtiir(‘(l blark earlli (4). It is 
a li(‘avy clay, and altlion^di tho siirfare soil is fairly unifonn in toxtnre the 
subsoil is <|uite variable. The studies on dale and rale of seedinjr Mere made 
on snninn*r-fallo\ved land, and those on de})th of seeding were made on land 
that had b(*en ei'opped <‘ontinuonsly to wheat ft)!* a number of years. 

Tlie system (»f i-eplii*ation used in eaeh experiment eonsisted of 4 oi‘ H 
randomized bha'ks, eaeh date. rat<‘, or de])th of seedinj; oeeiirrin<»: OJice iu 
<*a('h blo('k. Eaeh j)lot eonsist(‘d of 3 or more i-ows. The I'ows were spared 
1 foot apart. Tlu'y Aven^ IS feet lonji: in tlje dat(‘ and rate of s(‘(*dinfr experi¬ 
ments, and 12 feet lonjjr in the depth of seeding exi)eriments. Siififieient 
butf(*r 1 ‘OAVS Avere used in ea('h plot to eliminate border effeet. The seed Avas 
sown with a V-belt hand drill. 

Data on plant einer^eiuM* and seedlinjr root rot wen* r(*eorded about one 
month after the se(‘d was soAvn. The methods, infeetion elasses, and disease- 
rat inji* formula us(*d in obtaiiiin^ th(*se data Avere those* em])loyed by (4reaney 
(S). Xott‘son the iueideiiei* of* adult plant root rot w(*re taken about 10 days 
before* the plants ripeue*el. The*seelata were obtaineel as fe)llows. The* j)lants 
in one i*e)W of e*ai‘h plot weM*e* lifte*d from the soil anel e*xamine*el inelividuallr 
te) (h'termim* the* inte*nsity of disease on e*aeh plant, in ratinjr the ])lants for 
elis(‘asc, () infe*e‘t iem elasses (0 to 5). indie-ative e>r the ame)unt of basal le'sioniu'r 
and ranji'iu^* t rom no h'sioninji to plants dead due* to root rot inte*etioJi, AV^eie 
use*d. The amount of disease in eaeh plot was r(*(*orded as a root-rot ratinjr. 


100, Avhere K - root-re>t 


S 

'Phis Mas calculated fi*om the* teermula 11 ^ 

nitiii-js. S Slim of itidiviiliial iilant raliiifrs. N iniiiiber of plants oxaniinwl. 
ami liijrlicsl imiividnal i>lanl ratin<r. I)ivitlin}X S by N a and nuiHiply- 
in<: by 100 •rives a ratin<r wliieli represents the amount of disease in terms ot 
the maximum jmssible lor the t>lot. In other words, a root-rot ratiufr of 0 
iiidieates no disease and lOt) a maximum amount ol distase. 

Yield .lata w.-re obtained by harvestiufr ami 1hr.-shiu}r seiiarately one 
rod-row of eaeh plot. The plant emersrenee. disease, ami yield data of eael) 
experiment were treate.l statistically by the analysis of variance method, 
and the si-nitieame of the observe,1 ditterenc's between dates, rates, or 
dopths of soodinjr avus ilctriMninod. 


EX I ’EH IM ENTAE RESl^LTS 

Patf of Scalinii 

Ifroadfoot (1), in a study of the etfeet of date of seediufr on the incidence 
of foot rot of spriue wheat cans.-,I by Wl,nu,ihosporhua .sahrum and 
Fuxariwm .spp., fouml that early-sown crops were more heaydy inlected with 
this .lisease than were late-sown crops. IMbertsou . / al. (18) made a s ud.y 
of the relation of the date of seedinjr of winter wheat to di>-land foot lot 
ami found that infection and severity of foot rot were greatest in the early 
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pJantinj^s. Aceordijijr to Russell (19) sprinjr wlieat, sown early, is more 
susceptible to the take-all [Oph iobohis gram inis Sace.) disease than it* it is 
sown late. Kirby (13) states that late plantin?^ of winter wheat reduces the 
incidence of take-all. 

An experiment desifrned to examine the influence of date of seedin**: on 
the develoj)m(‘jit of llelminthosporiiim-Fiisarium root rot was carried out 
at AVijinip(‘jr in 193(i. Plots of Pentad wheat were sown at 4-day intervals 
from May 4 to June 12 (10 ])lanlin«;s). The experiment was repeated in 

1937, 1938, and 1939. lii these years tlie earliest plantin^** was made on or 
near May 4. Thereafter, plots were sown at 4-day intervals until 10 plant¬ 
ings had been comiileted. The wheat variety Pentad was used in 1937 and 

1938, and the variety Mindum in 1939. These varieties arc susceptible to 
root rot. The seed used in ea(*h of the 4 experiments was heavily infected 
with Jlrlminlhosparium sniirnm. In 1930 and 1937 inoculum of H. satirnm, 
])repared accordinf>‘to tlu* methods des<*ribc<l by MacdnuM'k and (ireaney (15), 
was added to the rows at seed level as the seed was sown. No inoculum was 
added to the soil in 1938 and 1939. 

i 

Dale of Sci'ding in BclaHon to Root-Rot Sr roritff and Ytctd 

The analyses of variance of the ])lant emcrjrence, disease, and yield <lata 
of tiie date of seedinjr experinu'iits arc presented in tabh* 1. A hi^h de<rree 
of sifrnificance can be attached to the eff(*cts of dat(‘ of scimIiji^’ on ]>lant emer- 
j^ence, disease developiiuMit, and yield. For the dis<*ase data, the im‘an 
s(|uares due to th<* interaction, dates ^ years, w(‘re mucli p:r(*ater than the 
erroi* mean scpiares, and. for these data, the m(‘an s(juares for dates si^niti- 
(*antly exceeded tlie mean s^juares <hK* to the interaction. In other words, 
the relative etfect of date of scedinj^ on the dev(*lo|)mcnt of root rot was the 
same in the 4 years of the (*xperiment. Table 1 shows that the (*tf<‘ct of 
years on all pro])erties studied was very jrreat, as w<mld be exjiei'ted. 'fo 
(‘conomize s])ace, the analyses of variance data for individual yeai's are not 
^iven. For each year, iiowever, tlie results of the analyses showed iiijrhly 
sijruiti(‘ant differences belw(*en seedin**: dates for all the ])i*operties measured. 

TABJjK 1.— Anali/srfi />/ ntriann' of plant rmcvia nrc^ root rot^ and pirld data. 
(Datr of sfcdintj cxprnmrnts, HKd! to 


Mc:>a sqii;n cs 


Source of 

Dt'greos 

of 

Percentage 

Set'dling 

Adult ])lant 


VM r 

freedom 

plant 

einerg(*iice 

root-rot 
rating 

root rot 
rating 

Yield 

Replicates 

r> 

200.4 (i 

30.70 

73.02 

91.70 

Years . , 

o 

8,815.;i7* 

01,04 7.30* 

7,334.00* 

2,330.22* 

Error (a) 


39.78 

42.97 

37.73 

31.03 

Oates of seoding 

9 

;i,400.0;'5* 

070.09* 

2,188.07* 

870.23* 

Dates X yea rs 

27 

201.98 

143.00* 

172.07* 

81.23 

Error (b). 

180 

108.82 

34.30 

41.74 

73.12 


Exceeds mcjoi sqn.-irc error, 1 i>cr cent level. 
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Ill table 2 are given tlie average field-plot data for the different dates of 
seeding. It is ajiparent that the date at whieh the seed was sown in 1936, 
1937,1938, and 1939 exercised a marked influence on the development of root 
rot. Delay in seeding increased the incideinte of the disease in seedling and 
adult wheat plants. The results obtained in (>ach of the 4 years indicated 
that late stands of sjiring wheat were more severely affected by root rot than 
were early stands. In 1939, for instance, the average seedling root-rot 
rating for Mindum wheat sown on May 11, May 19, May 27. June 4, and 
June 12 was 14, 17, 23, 29, and 31, respectively, the corresponding figures for 
the adult plant root-rot rating being 16, 27, 29, 35, and 42, respectively. 

I AHliK Jnjlurnrf <>/ tfaU o/ Hntlinfi on itltinl rni(jt‘(/t:nrc^ yirhl, and on the inci- 
dcnct’ of .soodhnff and adnlt plant votd rol in- tohval, ^Tt'aii tchuHs of cj’pcrinients at 
Winnipetj in Vdod, V.i,u ^ UKls, and lOJ'f 


Avt*ra^f 



men 11 dnilv 

P(*r(‘(‘iiljige 

S(‘(‘dliii^ 

Adult ]dant 

Y\vU\ 

seeding 

soil tt‘iii- 

si'edrnig 

root rot 

root-rot 

( 1 ) 11 . per 

per.'itiiit* 

('> I-\ )a 

eiiu'rgeiiee 

rating 

rat ing 

acre) 

M.mv : 

14.5 

07.8 

45.5 

30.8 

35.7 

Alnv J1 

Ao.O 

04.S 

40.8 

30.8 

33.2 

Mnv 15 

\\).2 

05.8 

4l).0 

41.0 

27.4 

Mnv ill 

47.S 

00. S 

48.5 

40.0 

25.0 

-May e:i 

50.0 


52.5 

48.2 

20.2 

AJ.'iV 27 

50.0 

07.2 

54.2 

40.0 

25.3 

■Mmv :;i 

54.,{ 

()0.2 

50.8 

51.5 

25.1 

.luiio 4 

50.1 

01.5 

58.5 

54.5 

22.3 

JllMf s 

50.1 

00.5 

57.2 

52.2 


\2 

Ni‘('css;irv 

50.7 

58.8 

00.8 

50.0 

iO.8 

5 ]K r ciMit level 


7.0 

3.0 

4.0 

5.3 


*‘iSuil tfiniicratun* at <l<‘j)tli of 4 iiiclifs. 


It is from tjible 2 that Umo oi‘ planting: had a very iiiark(‘d and si»- 

niti('an1 on yieJd. There was a progressive decrease in yield from the 

earliest to llie latest dale ot seediii«r. The fact tliat yield was ^^reatost in the 
(‘arJy seedings, aii;l tliat it is inversely related to disease severity, indicates 
that root J'ot was a iactor of considt*rable importance in reducing*: yields in 
th(‘ hit (‘-sown ])lots. 

Tiie (lata ])r(‘sent(‘d in table 2 indicate clearly that time of seedinjz: did not 
influence ap]>reciably tin* number of jdants that emerged from the soil, ex¬ 
cept in the (jase of plantings made afti'r May 81. Very late planting (June 
12) significantly reduced ])ercentage plant emergence. 

Hoil Tvmi)( ratHvr in Rrtallan to Boot-Uoi Seventy and Held 

The extensive investigations of Dickson (3), McKinney (10), and Jolin- 
ston and Greaney (12) have iiulicat(‘d that wheat ])lants are blighted most 
severely by root-rotting fungi at relatively high temperatures. This finding 
is in agre(‘ineiit with that of several other investigators. Garrett (6), in a 
review of tlu^ extensive studies on tlie relation of soil conditions to root- 
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infecting: fniig;i, points out tlmt soil temperature affects a soil-borne disease 
such as common root rot of wheat not- only directly tliroiig:h its effect u|mn 
host resistance, and upon the causal fung'i, but also indirectly by influeneiiij^^ 
tJie factor of nucrobiolog;ical antagronisni to thi‘ parasites. From the iore- 
jroing statements it is evident that soil temperature has a i)rofound influence 
on root-rot deve]oi)ineiit. As root rot was found in tlu' present experiments 
to be much more severe in late sown eroi)s than in (‘ro])s from early seeding:s, 
soil temi)erature data were studied to ascertain to what extent this varia¬ 
bility in root-rot infection may be related to soil temi)erature conditions at 
different seeding; dates. 

Tfie averagre soil ternj^eratlire data for tin* expei-imeuts of 11136, 1937, 
1938, and 1939 are presented in table 2. A (*omparison of the mean daily 
temperatures for the different dates of seeding; sliows that the lowest soil tem¬ 
perature occurred at the earliest seeding: date (May 7), and tliat there was 
a g:radual rise in temp(Tature as the season progressed. Then* was, liow- 
ever, a greater rise in soil tem]>erature at tin* s(M*ond and third sef*ding dates 
(May 11 and May 15) than at later Tin* differences in mean daily 

soil temperature betwecui indivi<Iual dat(*s of seeding after May 15 are so 
small that they probably have im signifleanet*. 

The tividenee presented earlier showetl that date of settling had a very 
marked and significant infliumce on the* de\elopment of root rot, and on 
yield, and, from what has just bt^eri said, it is evident that a close relation¬ 
ship exists between soil temp(*rature and date o\‘ seeding, ft would, there¬ 
fore, be expected that a close association woultl exist betwtrn soil tem])era- 
ture and the incidence of root rot, and between temperature ami yield. That 
this is so is clearly brought out by a com])arison of the data in table 2. 

With a view of determining the relation of soil temperature to root-rot 
dev<‘lopment and plant growth, a statisti(*al study was made of the* temjiera- 
ture, disease, and yield data of the ex])eriments. In this study the original 
field data of the 4 exjieriments were used. When mean daily soil tempera¬ 
tures ruid seedling root-rot ratings for each jdaiiting date were correlated, 
a signifieaiit positive correlation eoefficient of ^ 0.401 was obtained, imli- 
eating an increase in seedling blight with an increase in soil tem]>i*ratnre. 
A significant positive coefficicait of 0.692 Avas also found between the degret* 
of adult plant root-rot infej-tion and temperature. Tlu'se n*sults indicate 
clearly tliat soil temperature was closely associated with tlie development of 
root rot. The higlier the temperature at time of s(*eding the higher was the 
degre^e of Infeetion. 

A highly significant inverse relation (r - -0.622) was found between soil 
temperature and yield. In other wt rds, Ioav tem]ieratnre (early seeding) 
was associated witli high yield. When the yield and the disease infection 
data were correlated, definitely significant negative coefficients were obtained, 
indic'Hting that liigh yield was associated witJi low disease incidence. The 
foregoing statistical results, together with the average data in table 2, indi¬ 
cate clearly that soil temperature affects yield, and that jiari of the rodnctioii 
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in yield in tlic late plantings was dne to the inflncncc soil toniinwatui-e liad 
on tlio developiiKMit of root. rot. 

Ill tlio fiiicil ana]\sis of fljp fiel(i (lata llie spodliiij^ and adult plant i*oot-rot 
ratinj^s were ooiTelat(^d. A si<riiifi(»aut ]K)sitive con*(»lation ('(x^ttudent of 
-i 0.502 was ohlainod. This rt^siilt iiulioatos that tlie suspcptihility of the 
wheat varifdies Pentad and Miiiduin to Ilelinijithosporinin-l^^usariuin root 
rot does not dei)eiid on iheii* sta»:e of d(»velopineiit. They W(‘re e<|ually sns- 
eeptible in the seedlin<r sta^^e and at tlie slajie of j,n*owtli just prior to riiani- 
iii^ (Table 2). It ean be eontduded, tlnwfoia', that tlie seedlinj^ reaetiou is 
a reliable index of the i-eaetion of adult wlieat plants to root rot caused by 
JIvlmitithoHpftriinn sa(lnnn and Fifsarhnn spj>. 

Rate of ^(‘{(liafj 

(iuerrapain and Denioliu (11), Foex (5), Peyronel (17) and others in 
Europe, and Kirby (111) in Anieriea, rejiorl that the developincnt of the 

'I'AHLK — AiKilifsts of raiuiuvt of rooi rol and tfu Id data, (Male of ntcdiiuj 
rrpf rimrtitSf JOdS, iaj:\ and VJP*) 


Mojiii sr|u:ii«*s 


S(nir<*<‘ (»f 

l>ogro<*s 
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Pom‘Jit:ig(' 
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Root rot 
nit i rig 

YioUl 

l{e]>lirat<*s 


10(1.41 

08.1 (5 

1()3.18 

li'enrs 


•4J5.1S* 

387.60^ 

547.20* 

K;itfs of Hooding 

5 

1 ooo 07 * 

oiri.CL** 

4,053.0(1’^ 

Ifatos ' v»'Jirs 

in 

(»4.04 

L>7.54 

20.33 

lOiror 

So 

a2.4() 

30.4;{ 

34.58 


K\(m*(m1s iin*an stjUini* <’i'ior, 1 per ctMit U‘v<‘l. 

take-all dis(^ase of wheat is favored by tlenst* sowinjr. Broadfoot (1), in 
studies on the efT(‘et of erop rotation and rultural pivudiee on the develop- 
nnuit of foot rot of nln^at. was unable to tind any elose relation lietwi'en rate 
of seediiijr and the ineidenee of the disease. Howevin*, the belief is (‘oni- 
inonly held in Manitoba that tht*re is a elos(‘ asscxdation between rate of 
seedinji: and the iindihun't* ol* eonnnon root i*ot in (-rops of spring wheat. In 
o7*der to obtain definite information on this iioint field exp(Tiiin*nts were 
carried out in PUS, PKlfl, and 1940. 

In (‘aeh of these years seed of healthy Recent wlieat was sown at G differ¬ 
ent rates, namely, 50, 100, 200, :100, 400, and 500 seeds to an IH-foot row. 
Three row’s of eacdi rate of seedinj; eonstitnt(xl a plot. Just before hai\est, 
adult plant disease data wt‘re obtaiin*d in the usual 'way from the lateial 
rows of ('aeh Jilot. The eentei* i*ow of ('acdi ]>lot Avas liarvested for \ieid data. 

TJie analyses of variance of the dis('ase and yield data are y ivcai in table 4. 
For dis(^ase and yield the nu'an stpiares dne to rates of s('(^tinjr weie signifi¬ 
cant. This nu'ans that density of sowing definitely afieeded the incidence of 
root rot and yield. The insignifii'aiit interaedions Tor dist'ase and yield indi- 
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cate that tlic efTect of seeding 7*ate on disease severity and on yield was the 
same in the 3 years of the experiment. The moan s<piares due to differences 
betwt'en years were alJ hijrhly sigrnifieant. 

The variations in percentagce of plants diseased, intensity of root-rot 
infection, and yield, due to rate of seedinjj:, are shown in table 4. It is evi¬ 
dent from this table that the iinddenee of root rot increased with an increase 
in the seeding: rate. This is in accordance with jreneral field observations 
in Manitoba and indicates that thinly-spaced wheat plants are less likely to 
be severely attacked b\' root rot than are thickly-spaced plants. Thus, the 
results of tin* experiments support the view that any cultural practice which 
tends to increase the vijror of individual wheat plants can be counted upon 
to reduce the amount of root-rot inf(‘ction. 

Table 4 shows that, in spite of a consistent increase in disease incid(*nce, 
yield increased as tlie rate of seeding: was increased from 50 to 400 seeds per 

TARIiE 4.— Jv/fuf Hrr of rate of svedhuf on the incUievee of root roi and yield in 
wheat tu 1D3S, 1030, and 1040 
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row*. Above the 400-seed rate, liowever. there was no further increase in 
yield, a fact that is in ai^rcement with the residts of Machacek and Greaney 
(35) who round that individual jilants in dense stands of wheat were less 
vijjorous and tillered less than those in thin stands. This diff(Teijce in vig-or 
and tillering: of jilanls accounts for the <lifference in their yielding ability, 
and also for the fa( t that very dense stands of wheat in the AVinnipeg: plots 
did not. yield more than less tlense stands. It is g:eii(Tally recogrnized, how- 
evei', that, in Manitoba, the effects of rate of seeding: on the development of 
root rot anel on yield in wheat are likely to vary directly with the available 
soil moisture at seediii" time, and also with tin* amount of rainfall from 
seeding time to harvest. 

Dciith of Seedimj 

iiussell (19), in field experiments wdth the take-all disease of wheat, 
found that infection was increased by deef) seeding. According to Broad- 
foot (1) depth of seeding had no significant effect on the incidence of 
Heliuinuiosporium-F^usarium foot rot. To gain information as to the part 
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that depth of plays in the develoiniienl of eonimoii root rot, field 

studies were niidertakeu in ]943 and 1944. 

In 1943, healthy seed of Thatcher and Red Bobs wheat was sown at 4 dif¬ 
ferent depths in plots of infested soil at AVinnipejr. The seeding depths used 
Avere .1 in., 2 in., 3 in., and 4 in. Each plot consisted of 3 rows, 1 foot apart, 
and 12 feet lonjr. Two liundred seeds were planted in ea(‘h row. Notes on 
the ineidenee of disease w(Te taken on the eeniter j'ow of each i)iot in the usual 
Avay about 10 days before the plants ripened. 

Evidence was obtained in 1943 which indic'ated that th(*re was a positive 
relation between depth of seeding: and tin* severity of root rot. Deep plaiit- 
in^^ definitely increased the amount of root rot. and the increase was j)ro«jn*es- 
sive. Takinjr 100 as the fijrure re])resentin‘^ very seven* root-rot infection, 
the mean values for plots of Thatcher and Red l^obs wlieat sown at depths 
of 1 in., 2 in., 3 in., and 4 in. in 1943 were, resi)ectively, 15.3, 21.fi, 23.1, and 
24.0. 


TAIILIO r>. — Anahfsis af ntritmec of rooi-rot data. 

(Dt pfh of sv 

('(liiif/ ( .1 

pt'nwrnt. 






Source* of v£iri.'nu'(‘ 

Degrees 

Menu 


5 ]>er 

1 i...r 

of 

F villue 

('(‘lit 

eeni 


f reedoni 

sqnore 


point. 

]»oint 



joa.ar 

19.4.0 

3.07 

4.87 

V;iri<‘tu‘s 


219.58 

11.71 

3.07 

4.87 

Stolioiis 

I 

2,320.()7 

123.77 

4.32 

8.02 

V'jiriot i('s ■ slot ions 

3 

97.33 

5.19 

3.07 

4.87 

Error i u ) 

i2.l 

1H.75 




of sc‘o<liiijr 


419.(19 

51.84 

3.19 

5.08 

J.) 0 ]»Ujs ,> vai u'tics 

r, 

21.S9 

2.7r) 

2.39 

3.20 

Depths stntions 

o 

5.4H 




I)ey)lhs >'v:irieties stntions 

(> 

11.97 

1.47 

2.30 

3.20 

Error (t)) 

4S 

7.92 




In view of lh(\sc results 

it AA’^as decided 1o repeat the experiment 

ill 1944 


usin^-4 varieties i Thatcher, R(‘<rent, Renown, and Red Bobs), and 3 seeding 


depths (1 in., 2 in., and 3 in.). This enlarged field experiment was con¬ 
ducted at Winnipeg and Mordeii, Manitoba. 

The analysis of variance of the root-rot data of tin* 1944 ex])eriment is 
given in tabh* 5. From this it is evident that the mean square for depths 
of seeding is higldy signific'ant. On the other liaiid, the mean squares due 
to the interactions, de])ths > stations and depths x varieties, failed to reach 
significance at the 1 per e(*nt point. In other Avords, the effei't of the depths 
of seeding Avas the same at both stations, ami for the 4 varieties. The mean 
squares due to A^arieties and to stations Avere significant. This means that 
a high degree of significance can be attached to the differences observed 
between varieties and stations. 

The mean root-rot ratings for each A^ariety and station, together Avith the 
mean values over all stations and varieties, are given in table fi. It is tdear 
that depth of seeding had a very marked and significant effect on the devel- 
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of)iiieiit of root rot. At 'Winnipeg and Mordt‘ii the iiieidenee of the disease 
increased with depth of seedin»:. (Comparisons between individual depths 
of seeding: for all varieties and stations show tJiat the diflFerences observed 
in disease ineidejice hetwtH*n the different sei‘ding depths were statistical 
siguiticanl. 

It is evident from tabh* 6 that, in so far as the development of root rot 
was cojiceriied, depth of seeding: was more important in some varieties tlian 
in others. That is, tJie varieties diil not react to depth of seedijig: to the same 
degree. For instance, deep settling: definitely iiicreas(*d the amount of root 
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rot in the varieries Thatciier, Hegeiil, and Kenowii, but only slightly affectetl 
root-rot development in the variety Ked Ih'hs. The differences ol)served in 
root-rot rating between shallow (1 in.) and <h‘e|» in.) seeding ot* Hed Bobs 
wheat were small and statistically insignilicant. It is evident, therefore, 
that the relation between dej>th of seeding and the ijjcidence of root rot may 
be modified considerably by the variety grown. 

The'varieties of wheat used in the experiment of B44 ranked in order 
of resistance to root rot as follows: Thatcher, Renown, Reg(*nt, and lied Bobs. 
This ranking is in agreement with that obtained in earlier studies on the 
rc lative resistance of wheat varieties to commoji root rot (9). Thatcher was 
much more resistant to root rot than Avas any of the other varieties tested. 
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DlSOrsSlON 

Then* is abun<laiit evidence lo iiulieute that in Manitoba the j)revalenec 
of connnon root rot of wlieat varies eoiisklerably from season to season, ami, 
in any one season, fi'‘'M district lo district, and even from field to field. 
Loeal variation in the incidence of the disease sii^fyests tlie possibility of 
control tliroiif^li ero]j and soil manajrement. From the results presented in 
this paper it is (evident that variation in the time, rate, and depth of seeding: 
also infln(*nees the development of root rot. Early, thin, and shallow seedinj* 
reduced the intensity of the disease. This metluxl of control app<‘aml to 
be effective, and, in the <'ase of cinnmon root rot of wJieat, offers distinct 
I ) ra('t i ca 1 possi bi 1 i t i (*s. 

There can be no doubt tJiat th(‘re is a close interrelation bet^^een soil con-* 
ditions and crop conditions, and between these and the amount of root rot 
that develof)s. The tendeiK'v for root rot to be more prevalent in wheat 
crops that are sown late, too deeply, or too thickly, arises as a result of the 
ijiteraction of a number of fa<dors. Soil temperature, moisture content, 
aeration, reaction, and soil nutrients are factors that play a part in modi¬ 
fying tin* relation between date, depth, and rate of seeding and the develop¬ 
ment of ?’oot rot. Furthermore, these factors are (*.apable of affecting root-rot 
development not only dii-ectly through their effects upon the causal fungi, 
and u])on liost resistanc(‘, but also indirectly through their effects upon the 
comj)lex microbiologi(‘al flora of tin* soil. The important j)art different soil 
('onditious play in the development and control of root diseases of wheat and 
otlun* field crops has beeii a(h*(piately di.scussed by Garrett (7). 

The opinion is Avidely held in Manitoba that dry seasons are usually 
seasons of Jieavy root-rot infection, and this opinion is supported by numer¬ 
ous observations made over a long perio<l of time. For instance, low soil 
moisture conditions at time of seeding fav<)r infection by r(*tarding the germi¬ 
nation of the seed, and the early growth of the wheat seedlings. Again, very 
low soil inoistiii’e content during the post-seedling stages of groAvlh may 
injure the roots of the X)lants to siicli an extent that the entry of parasitic 
fungi is appreciably lacilitated. On the other hand, higli soil moisture at 
time of seeding followed by low soil moisture in the post-seedling stages of 
plant growtli, favors root-rot development. As has been Avidely recognized, 
weakened ])lanl groAvth cans(*d by Ioav moisture eomlitions constitutes a very 
important factor in the |)rogress of the disease. The present field studies 
have indicated, however, tiiat. in Maiiitoba, early seeding of Avheat Avhen the 
moisture eontent of the soil is relatively high i)romotes rapid and vigorous 
])lant growdh, and is an effective means of reducing the losses from seedling 
blight and root rot caused by IL Iminlhnsporium sativum and Fasariwui s}y)>. 
They have also emphasized the need of further field studies to elucidate the 
many factors resjxmsible for variation in the ineid(*nec of root rot in ]*ela- 
tion to date, depth, and rate of seeding under loeal conditions. 
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SUMMARY 

The results ol‘ field experiments, conducted in Manitoba iji 11)36, 1937, 
1938, and 1939, oji tlie relation between date of seeding of sprinjr wheat and 
the incidence of root rot {Ilvlminihoapovium sain'um and Pitsarium spp.) 
indicated that early seedin«]r reduced the incideiu'e of the disease and in¬ 
creased yield. Soil tem])erature, as related to date (d' seedinjr, was positively 
associated with root-rot infection and ne<rativ(*ly related to yield. Thus, low 
soil temperature (early seedinji:) was associated with low disease ineidence 
and with hiph yield. The effect of hifrh soil teni})erature on the incidence 
of root rot, with the resultinj^ effect of the* dist^ase on the plants, was an 
im]>ortant factor in redueino: yields in late-sown crops of s])rin<r wheat. 

The 6*ffect of rate of seeding on tlie incidence of root rot was studied in 
1938, 1939, and 1940. A (dose relationshi]> was found betwe(m rate of seed¬ 
ing and +he development of root rot. Each year the severity of the disease 
increased witli thickness of ])lanting. 

A close associatioji was found betweeji d(*i)tli of s(‘(Hli)ig and the develop¬ 
ment of root rot. Jn ex])erimenls earric^d out in 1943 and 1944 root-rot 
severity increased with depth of planting. As *a fa(d(»r in the control of 
root rot, depth of seeding was more im])ortant in some varieties than in 
others. 

Field experiments have iiidi(*ated that agricultural practii'es whi(di favoi* 
the rapid, vigorous growth of a wheat cj-op tend to reduce the intensity of 
root-rot infection. They have also demonstrated the ])ra<dicahility of r(*- 
dueing losses from HeJminthosporium-Fusariinn root rot* in ]\lanitoba by 
seeding spring wheat not too thickly or dce])ly, and at the earliest feasible 
date. 
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EXPLORATOin" EXPERIMENTS WITH THE BIG-VEIN 
DISEASE OP LETTUCE 

Dean E. Pryors 
(A ccrptcd for publication Oetoboi* 25, 1945) 

Ill 1934, Ja«:^er and Ciiandler (1) predicted that bi*>: vein might become 
tronblesonie in lettuce grown on tiic heavier soils ot* Calil'ornia and Arizona. 
At that time the disease was known to be jireseiit only in those westei-n states. 
However, big vein lias now been reported from several states along the 
Atlantic Seaboard (2, 4). It is not known whether this malady was rei'cntly 
introduced into this r<‘gi()n, or whether it was merely differentiated from 
other lettuce diseases aftiT dagger and Chandler jmblished their report. 
Since 1934, big vein has not increased particularly in the Imperial Valley, 
California, or in the Arizona section, but has become more ]>revalent in the 
Salinas-Watsonville district. The increased im]>ortance of the disease made 
it seem desirable to investigate further its nature and behavior. Conse- 
ipiently in 1939 several lines of investigation! on tlu* disease were initiated 
with emphasis uimn those factors that intl!ien(*e its l)i‘havi!)r in trials fm- 
disease resistance. Because of the war most of tin* work on big vein was 
suspended in 1942, but it seems desirable to jiublish the results obtained thus 
far. Although the data in ‘many instances admittedly are only suggestive, 
they may be of some aid to workers who study the diseas(‘. 


TKANSMJSSION KXPKIU .\tKNTS 


1 )isrcf Transmissii)n 


In February, 1941, several flats o!* lettuce plants from breeding lines were 
grown from seed in a greenhouse being used for big-vein experiments. The 
flats were placed on a Ixmch filled with sterilized soil. Thes!‘ plants wer(‘ 
transi)lanted to a disease-free field. Big vein app(‘ared shortly after traiis- 
jilanting and, on June 2, 12.(i per cent of about 2,000 plants were diseaseil. 
Since it seemed that insect transmission in the greenlioust* may have beeji the 
means of infection, attemjits were made to transmit the disease with the 
aphids Macroaiphum solanifolii Ashm., Mputs convoUmli Kalt., and 3/. 
persicae ^Sulz. These sjiecies are present on lettuce* fi*om time to time in 
greenhouses at La Jolla. In 18 experiments, with various methods of trans¬ 
fer and different feeding periods, big-vein symptoms oeimrred in only a very 
tew plants, (kmsistent transmission even to a low jiereeiitage of jilants eonhl 
not be obtained. 

Thompson, Doolittle, and Smith (5) obtained very similar results witli 
c'^Ttain leaf-feeding aphids. On the other hand, their pridiminary experi- 


Assr wate ! Jant J atliolopt. Division of Fruit and V(‘grtable Crops and Diseases, 
L>ur;^‘iu of Plant Indus ry, Soils and Agricultural Engineering, Agricultural Kcscavch Ad- 
n.m.stration. United Slate^ Department of Agriculture. The author wishes to acknowl- 
ed;^e the assistance of W. W. McCoy, formerly Field Aide, Division of Fruit and Vetretabh^ 
Ciopf' and J)iim‘'iscb, in parts of tliis work. h j - 
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meiits with the root aphid Pemphigus luchirav (Fiteli) indicate that this 
inseel may be an efficient vector. Since root a})ln(ls have not been found 
in the jrreenbouses at ]ja JoJIa, it Avonid seem tJial otlier vectors of bip: vein 
mijrbt exist. 

Mevhanical Tnnismissiou 

Ill 10 triaJs, invoJvinp: about 700 plants imdndinp; checks, jio consistent 
transmission was obtained with leaf juice by (1) Jeaf-nibbinp: methods nsinp; 
materials smdi as cotton, ('he(*seclotli, and carborundum; (2) leaf-punctures 
usinp’ needles throuprh drops of juice from diseased plants and hypodermic 
needhvs thrust into the larjrer veins and into the stem; or by (^) root inocu¬ 
lation by hypodermic needh‘s, or soakinpr roots in leaf juice from bip;-vein- 
in fe<‘led lettuce. 

Seed Tra iism ission 

Plants p:rown on disease-free soil from seed soaked for 24 hours in juice 
rrom bip’-vein-inteeted plants did not contract the disease. 

in one lot of seed from infected lettuce. 18 of ai)proximately 1,()()() j)lants 
dev(‘loped bip: vein. Other ex1(*nsive trials, however, gave no indication of 
seed transmission. In view of these results, it appears that big vein is rarely 
ir evei’, s(‘ed-transmitted. 

Soil Trausmission 

Jig S(fil Kxlvticls, To 31 kg. of Iiighly infective soil Avas added 8 liters 
of tap water. The mixture was thoroughly stirnnl and thcii allowed to settle. 
The ap])arently clear supernatant liquid was siphoned off, care being taken 
to collect no macroscopieally visible soil particles. This liquid was divided 
into two parts, om* of which was filtered through a medium-grade Maiidler 
filter. The filtered and nntiltered solutions were each divided into five ecpial 
])arts and added respectively to two groups of five pots of disease-free soil in 
which small lettuce plants were growing. As a control a similar lot of soil 
Avas auto(dave<l for 2 hours at 15 ]>ounds’ j)ressnre, tlieii used like the infec¬ 
tive soil to pre])are unfiltered and filtered solutions for pot ai)plication. In 
each (‘ase tin* leached soil Avas also planted to lettuce. 

After aboui 2 months many big-vein plants occurred on the infective, 
nonautochiA'ed, leaclu'd soil and none on the autt>cla\’ed, leacdied soil. 13oth 
of the leachates from antcxdaved soil and the filtered leachate from infective 
.soil produced no disease Avhen adtled to big-vein-free soil (tAVo experiments). 
HoAvever, tlie unfiltered leachate from infective soil ])roduced four big-vein 
l)lants in a total of 83 ]>lants in noninfective soil. 

The results corroborate those of dagger and Chandler (1) in that leach¬ 
ing does not materially decrease soil infectivity. The leaching experiments 
Avere too few to Avarrant definite conclusions, but the\ seem to indicate either 
that some infective soil Avas carried in the unfiltered extract or that tlie infec¬ 
tive particles are nonfiltrable, or that they are absorbed by bodies in the 
soil that are iua(?roscopically invisible but large enough to be remoxed by a 
medium Handler filter. 
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By (JonUimimiiion of SSoil with Lettuce Leaves Haviny Big-Vein Symp¬ 
toms. Ill the various exTieriiiionts, big-vein jilauts appeared occasionally on 
soil supposedly not infective. They were cut off at the soil level at the con¬ 
clusion of the experiment and tlie ])ot rejilanted with lettuce started in dis¬ 
ease-free soil. Almost invariably replants develojied big vein. To che(!k 
further on the possibility that diseased plant remains might contaminate 
noninfective soil, two experiments were run. In the fii'st trial, 650 gm. of 
conrsel}" cliojified big-vein leaves were mixed with enough soil to fill 15 6-ineh 
])ots; in the second, 1,000 gm. were used for 10 pots. The same number of 
control pots received equal treatments excejit that healthy lettuce leaves 
were used. Four i^lants from disease-free soil Avere then transplanted to 
each pot. 

All of the check jdants remained healthy in both experiments. After 
about 2a months, five out of 48 plants surviving in soil mix(‘d with diseased 
h‘aves in the first exfieriiiient showed big vein; in the s(*cond exjieriment five 
out of 40 ])lants had the disease. These results suggest that the infectiv<* 
principle causing big vein can be transmitted to soil by diseased leaves. 

KXPKKIMENTS ON TIJK BEIIAA’IOI? OP THE JNFKCTJVL: PI{I\('IPLE IN THE SOIL 

Direct Seeding versus Transplanting in Big-Vcin-Jnf< dive S(nl 

In trials for resistance to big vein and in othei* experiments on infective 
soil, it is necessary to obtain as high a degree* of infection as jiossible. For 
this reason, it was desired to h*arn whether direct seeding in oj* transjilanting 
to infective soil ])roduced the greatest number of diseased ]>lants. Three 
trials involAung a total of 112 jilants from seed and tlie same number from 
transjdants indicated a A^ery slight tendency for more big vein to develo}) in 
the transjdants. Since transfilants aiv* generally used in the big-vein sus¬ 
ceptibility tests at this station, this line of investigation Avas drop])ed. 

Spread Through the S(*il from Disrasuf Plants 

To discover Avhether big vein Avould spread from a dis<‘ased i)lant to 
adjacent heabhy plants, one small big-vein i)lant and tlir«*e liealtliy jilants 
Avere set near the rim and 90^^’ ajiart in each of eight 6-incli |)ots, in each of 
three experiments. Tlie plants Avere grown for 2 to 2J months. All of the 
big-vein plants shoAved the disease throughout the length of each run. In 
the nr>st trial, tAvo of the 24 healthy ])lants (kweloped big A’ein ; in the second, 
one doubtfully diseased ])lant ocmirred; and in the third, the originally 
healthy plants remained so during the course of the experiment. 

It is possible that the disease development in these experiments might 
have resulted from insect transmission. In any event, it apiiears that big 
vein spreads very slowly, if at all, through undistni’bed soil. 

Effect of Drainage on the Development of Big Vein 

In earlier studies on soil moisture in relation to big vein (3) it Avas noted 
that in soil from the Imperial Valley, t^alifornia, salt concentrations built 
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up to sucli a point tliat plant jrrowtli was reduced. In some experiments not 
reported in the earlier pa])er tliere was a rather pronounced decrease in 
iiifectivity as tlie salt ctau cMilration increased. An anal^^sis"" was made ol* 
two lots ol soil identi(*al except that salt liad been built up in one throujth 
continued use in pots witliout (li*aina«^e and that this hij?h-salt soil was con- 
sidcrabl 3 " less infective. The total salt concentration in the hij^hlj" infective 
soil Avas less than 1 that in the soil of low iiifectivity (Table 1). ^ The very 
^'•reat difference in amount of sulphate in the two lots of soil is notable. 

Since the increase in salt content and decrease in infectivil,v apjiarenth" 
resulted Ironi use of jiots without tlrainaji^e, four experiments Avere run in 
which tin* d(‘\’elo])ment ol biji^^-vein plants in drained and nondrained j)Ots 
was recorded. In jieneral there AA-as a slight tendenc.v for few^r diseased 
plants to a])pear in the nondrained pots than in tlie drained but in onl.v one 
trial Avas this difference statistieallA' siy:nificani and the mean difference of 

''fABLE !.-• Analjfsi.s of lu'o lota of soil differing in hig vein infccUviiy and in salt 
cttncf nlralion 


Soil Paris per million in soil extrael 


iiifeetivity 


}>b 


Cn 

Mg 

Fc 

soV 

(^1 

Total 

Low 

lOd 

IT) 

erJ 

200 

Tr. 

ir> 

500 

50 

048 

TIigh 

t34 

4 

on 

jr,o 

Tr. 

Ft 

Tr. 

JO 

201 

« Includes 

NO.., Nil,, 

NO,. 








'• Includes 

res<‘rve P. 









f Tneludes 

res(*rve J\. 










all tests Avas nonsi«*’nilicant. Oidy one crop of h‘ttnce Avas {irowii in each 
|)ot. It nia.v be that had two or more crops been jrrown in eacli pot the differ¬ 
ences would luiA^e ho<*omc more ])rononneeil. 


Tivtr Riquircd for Infection in Big-Vein-lnfective Soil 

LeltiU'e s(’e<l Avas sow n in hijrhl^^ infeefi\"e bi"-vein soil. Tavo weeks after 
planting the Ictiiice was up hnt <)nl\' the cotyledons had unfolded. TAveni^' 
j)laiits Avere removt d at this tiin<*, Avashed thoi*ouy:hly in taj) Avater and Irans- 
])iajited to disease-free soil in 6-inch pots Avith four ]dants i>er jiot. At 
Aveeki.v intcnwals tliereafter, an adilitional 20 j)lants Avere removed, Avashed, 
a)id transplanted. ^Vlien l)i^‘ vein appeared in lettuce on the bijj:-vein soil, 
transjilanting Avas discontinued. 

The amount of bi^ vein occurrinj» in tlie transplants about 10 to 16 weeks 
after seedinjr is shoAvii in table 2. This t.vpe of experiment is open to the 
criticism that it is imjiossible to be sure tliat all of tJie infective soil Avas 
1‘emoved in Avasliiny’. FurtJiermore, since nothing is knoAvn about Avliere 
infection takes jilace iu the root sA’stem or how* fast the causal entitj^ nHwes 
after infection there is the possibility that the infected portion of the root 
systems may have been se])a]*ated from healthy portions in the transplanting 

2 Tlie author is indebted to Jolin 11. PiT‘>r, Growers lee and Development Coinjiany, 
Salinas, California, for malvLng this analysis. 
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process. Nevertheless, it is apparent that sonic plants did not become dis¬ 
eased Avithiii 6 Aveeks from seediii«r Avliile others seem to have been iiireeted 
almost as soon as they emerged I'rom the seed. Earlier observations (3) 
indicated that big A^ein dcA^elops best in Adgoroiisly groAving plants. Since 
transplanting undoubtedly sIoavs down the groAV.tli rate for a time it might 
be expected that Avhen those plants with the longer time inteiwals in infective 
soil were held in disease-free soil for ecjiuA^alent lengths of time, a gr(*ater 
projKirtioii of big vein Avon Id develop in the later 1ransi>lants. The last two 
columns of table 2 show this to be true. From this Avork it may be tenta¬ 
tively concluded that at least four Aveeks is T*e(|uired in big-vein soil for a 
large proportion of tlie })lants to become infec'ted. 

Effect of Soil Dilution on Infectivilif 

Tn the first of these experiments, dilutions of infective big-vein soil with 
autoelaA^ed big-A^ein soil did not reduce disease at the maximum dilution of 

TATH^R 2.“- -Thr anunu\i of hi(/ vein apfHarintf in U llnn aflrr In< cd- 
linfffi ffroicn from seed sown in infrefire soih f* 


Counts nfter variable time in tliseas(‘- 

free soil XiimlKU' of hig-veiu 


No, woelts 

— 




i>lauts after 10 vveelis 

in infective 
soil 

No. wcet<s iji 
discase-frcc_ 

Number of big- 
plants 

vein 

in diseast' 

free s(»il 


soil 

Test 1 

Test 2 

T(‘st 3 

T(‘st 1 

'J\*st 2 


8 

i> 

-1 

(> 

o 

4 

3 

7 

n 

4 

ll 

3 

5 

4 

6 

6 

IJ 

11 

6 

15 

n 

i) 

(> 

9 

35 

s 

14 

6 

4 

3 

14 


6 

IS 


" Twenty i)lfnits grown at eaeli exposure in eaclj test. 

1 part infectiAT soil to 32 parts of sierilized soil. In another experiment the 
maximum dilution of 1 i)art to 800 reduced disease only slightly. The auto¬ 
claved soil in each ease had only healthy plants. It is unwist* to g(‘neralize 
from such few data, but this high dilution Avith little r(Mlnctif)n in disease 
may indicate tliat the soil on farm imjdements might bt* effective in siiread- 
ing the disease. 


Persiati nci of Bin-ydv InfccfivcncHR in Soil 

In 1936 a Jot of big-vein soil was collected in the Jmi)erial Valley of (Cali¬ 
fornia and storetl in a large, covered, galvani/.ed-iron can in a dry place. 
Erom 1940 to 1944 small portions of this soil Avt're nunoved periodically, 
tested for infectivity, and then discarded. Parallel checks Avere not run; 
however, checks in other experiments seldom became diseased and Avhen they 
did the amount Avas never gi’eater than 1 or 2 per cent. It is evident that 
big vein Avill persist Avith no decrease in infectivity for at least eight years 
in stored, air-dry soil (Table 3). 
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TABLT] 3. Persisfcncc of biff-vein inftctivvnrss in stored, air-dry soil 

No. years in storji^e ... 4 5 7 8 

No. plants tested 33 24 6 24 

roTcentatre^ of plants with bifj vein 33 54 83 75 


The J'ttflvnice of Soil Tcmperalarcs on the Production of 
Iii(l-Vein Symyioms 

Mtihods. Five Wiseonsin-type'’ soiJ-teiiip(‘ratiire tanks each eoiitain- 
iii" eijrlit ()i X 9-iiieli round ^aivaiiized-iroii culture cans were used for tlie 
temperature studies. The tanks were located outdoors and a movable shelter 
was employed to cover them when there was i)robability of rain. Tempera¬ 
ture was controlle<l by hot or cold wat(»r introduced throuprli a perforated 
pipe runninjr Jeuf^lhwisc and parallel to the bottom of the tank and about 
1] inches below tJie bottoms of the cans. Wlien the tanks were operated 
below air Icmix^ratures, the water was cooled by a small refrijj:t*ration unit. 
The addition of hot oi* cold water was ccmtrolled by solenoid valves actu¬ 
ated by i)Oultry-incnbatoj--type. thermostats'’ which were sejisitive to about 
zt 0.5° C. Temperatures used were 14°, 18°, 22°, 2()°, and 30° C. 

The infective soils were the ones employed in the moisture studies (3). 
The soil line in the cans was slijrhtly below the water line in the temperature 

I’AULK 4. Kfl'erl of stdl It mprrahfrc on Ihr tit i't nI oj hiff-vvin syinpttons 
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.EM,erm.,.nts one five VN.nre with Snlinns soil; six and seven were with In,- 

]>eri!il Vnlle.v soil. ,ver-iire of tlie d.iilv extremes. No reliable air tenj- 

1. The menu tcini.erjiture is tin ” ? imnibcr'one. The refrigeration unit was 

perature y’"’to .Tuie l.l, 1944, when experiment 7 was run. 

T.o„ E.eetrie (^ornpnnY, San Pie.o, California. 
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tanks and 1} inches beloAv the rims of the cans. Four lettuce plants with 
one or two true leaves were transplanted to eaeli can after the soil had 
reached the desired temperature. The top of the soil was insulated with 
30 gm. of rock wool. Enough water was added at short intervals through 
a central perforated pijie in each can to maintain the moisture at 75 per cent 
of the moisture-holding capacity of the soil (3). Plants were examined for 
big-vein symptoms at each watering. When there was evidence of crowding 
or head formation the experiment was discontinued. 

Resnlfs. The data from several exjieriments are in table 4 together with 
the air temperatures prevailing during the trials. It is ai)parent that, with 
the exception of experiments number one and fivt\ the gi'eatest jiercentage of 
disease develojied was at 22^ C. There w’as generally a sharp decrease in 
the amount of big vein at 26° and 30° C. and some decrease at 14° and 18° C. 

From reports in the literature (1, 4) air tempei*ature also seems to have 
an influen.'e on the production of big-vein symptoms and might have caused 
the discrepancy mentioned above. With this possibility in mind, air tem¬ 
perature records had been kejit during most of the trials. No adecpiate 
records w^ere available during the course of the ti^st experiment, but from 
those at hand it apjieared that the minimum air temperature at least was 
somewhat low'er than in the other trials. Observations also indicated that 
the infectivity of the soil in the first two ex[)eriments was not so high as in 
the later ones. With these facts in mind, the apparent sui)pression ol* symj)- 
toms at higher soil temperatures in the fifth ex])(*rimen1 might be exj)lained 
as an effect of the substantially higher air temperature. OoTn]>aring the air 
temperatures w’ith tlu^ amount of big vein at diff'erent soil temperatures, it is 
evident that concurrently with the higher air temperaTures during July, 
August, and September, in experiment number 5, the optimum soil tempera¬ 
ture w'as low^ered to around 18° O. There is also a slight indication that the 
higher optimum soil temperature* during the first experimeui might have 
resulted from low^er air temperature. 

In each of the tem])eratuiv experimejits llie initial numlHu- of lettuce 
transplants w^a.s 160, or 32 for each treatment. In some cases the survival 
was not very satisfactory, ])articularly at the higher soil temp<‘ratnrcs (26 ' 
and 30° C,). Tins is not snrj>rising since lettuce is known to b(* a low-tem¬ 
perature crop. 

Disensaion, dagger and (.handler (1) and Thompson and Doolittle (4j 
observed that low temperature favors tlie development oF l)ig-v(*in symp¬ 
toms. Since big A^ein is a sod-borne disease, it was thought that soil tempera¬ 
ture might he more imi)ortant than air temperature in producing this etfect. 
While preliminary results rcjmrted here indicate that big vein will develop 
in lettuce plants grow^n at a constant soil temperature of 30° (A, Thompson 
and Doolittle (4) observed that greenhouse air temperatures of 65° to 75° F. 
(luring the day and 50° to 60° F. at night prevented the api)earanee of big- 
V(*m symptoms in lettncie leaves. W^heji the teiiii)eratiij’e w^as lowered to 50° 
to 60° F. during the day and 1o 45° to 50° F. at night they found that big 
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vein developed in some plants. (Jreenliouse temperatures aj^aiii raiseil to 
the higher level suppressed symptoms. The fiftii experiment reported in the 
present paper was carried out wlien air temperatures w(‘re comparable to 
those employed by Tliompson and Doolittle (4) yet some big vein was evi¬ 
dent at a soil temperature^ of 26^ C. (78.8^ F.), considerable was present at 
22“^ (71.6*^ F,), and still more occurred at lower soil tenjperatures. Dur¬ 

ing the course ol* this experiment, the range of maximum air temperature was 
70° to 83° F. and the range of the minimum was 55° to 68° F. The discrep- 
ane\' in results obtained in the two investigations possibly may have been 
due to the maintenance of a longer period ol* high air temperature in the 
greenhouse than occurred in the present work. Other explanations may be 
forthcoming with further research. 

Indications are that when air temperature is favorable for the productioJi 
of big-vein symptoms a soil temperature of about 22° ( ■. is optimum for dis¬ 
ease develo]mient in the leaves. However, t'onsiderably more work is iiet'cs- 
sary before the effect of air temperature and the combined effects of soil and 
air temperatures can be jirojicrly evaluated. 

SUMiMxVKY 

Experiments using three sjiecies of leaf-feeding ajihids, various methods 
of mei'hanieal inoculation, lettuce seed soake<l in leaf juice from diseased 
plants, and seed harvested from diseased jilants resulted in no consistent 
transmission of big vein. 'Fhe uufiltered leachate from infective soil when 
added to disease-free soil j)rodiM'e<l big vein in four of 83 jdants grown 
ther(‘on. The filtered leachate (medium Mandler filt(T) caused no disease. 
Dig vein was not idiminated from infective soil by leaching. Symptoms 
aiipeared in jdants grown on big-vein-free soil to which cho{)ped diseased 
leaves were a<Uled. Xone ajipeared in comjxarable checks. 

'fhere was litth* diff‘erenc(* in the amount of big vein developing in trans- 
])lants and in lettuct* seeded tlireclly in infective soil. Trials iji which one 
big-vein plant was groxMi for 2 to 21 months adjac'ent to three healthy plants 
in a (i-irich jiot filled with disease-fn*e s<»il indicated that big vein sjireads 
very slowly if at all through the undisturbed soil during the jieriod used. 
A slight teiidency existed for fewer diseased jilants to apjiear in undraine<l 
]»ots fill(*d with Imperial Valley soil than in drained jiots but in only one 
ex]>eriment was this diff'erence statistically significant. Transplanting let- 
tm*e at intervals from infective to noninfective soil indicated that some big- 
vein infection takes place within two weeks from seeding; under the condi¬ 
tions imposed, at least f(Mir weeks’ growtJi in big-vein-infective soil was re- 
(piirecl for a large |K)rti(m of tlie plants to become infected. Exploratory 
trials indicated that <lilutiiig 1 jxart of big-vein soil with 800 parts of auto 
clav«Ml soil reduced disease incidence only slightly. Data obtained thus far 
show that stored, air-dry soil remains infective for at least eight years. 
When air tem])erature was favorable, the optimum soil temperature for 
develojunent of big vein ajxjxeared to be about 22° C. (^l.b with some 
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Yein occuvrinp: at all soil temperatures from 14° to 30° C. However, air 
temperat\ire also seemed to liave some effect on symptom expression. 

U. S. Iloim('PL.TTTKAn Fjkld Station, 

La fjOLLA, Lalikornia. 
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PEAC^Il BLOTCIP 

R. S. WiLLTSON 
(A(*n*|>t(.‘(l for puhlirntion November 1, 

111 the coiii’se ol iin intensive survey of peach orchards in a two-square- 
iiiilc bJock near Winona, Ontario, eondueted in the years ]937 to 1J)40 in 
connection witli some studies of jieach yellows, niosai(‘-like variegations were 
observed in 1940 on a single three- or foui\vear-o]d tree of an unknown large- 
flower(‘d A^aricty. The variegations Avere Avell-defined jiale green to yelloAV- 
ish green areas very valuable in size and sl)a])e, ranging from numerous 
angular spots seattered over the leaf surface (Fig. 1, A) to larger, irregular 
blotches usually fewer in luimber (Fig. 1, H, 0). A f<*w leaves were marked 
only by a yelloAving along the larger veins (Pig. ], H). Affected leaves as 
a J-ule were not distorted though some had ragged margins (Fig. 1, D), 
resulting from iiiarginal scorch. The fruit was not affected and no marking 
or stunting of tAvigs Avas observed. Peaeh bloteh has been adopted as the 
iiaiiK* for this disorder, as being characteristie of the ])redoniinatiag symp¬ 
tom. 

Preliminary iuoeiilatioiis of peaeli seedlings by budding, in ]940, demon¬ 
strated the graft-transmissible nature of the variegation, symptoms appear¬ 
ing on the seedlings the following sfiring. In 1942, traiisiuissioii tests Avere 
exteiubul to include several jieaeh, plum, and cherry Aarieties Avhich, except 
for one seedling cherry, Avere inoculated by tin* double-budding technique 
(5). In tliese tests, ]»ea(di, Myrobalan, and Mahaleb seedlings were used for 
sto(d\. 

Peach seedlings varied considerably iji their response to blotch Avith 
respect botli to symptom expression and to susceptibility. A few Avere resis¬ 
tant, shoAviug only slight symj)toms on early leaves, bnt the majority Avere 
more or less susceptible, symptoms being found on leaves of all ages. The 
markings AV(*re, in si'ope and variety, typical of those observed on the origi¬ 
nal tree, Avith a IVav additional variants. One of the latter was an almost 
symmetrical chlorotic blotch centered about and extending along the mid-rib 
and tending to feather out along the lateral veins (Fig. 1, P). Inversions 
of this i)attern also occurred (Fig. 1, Cl) in Avhich tlie chlorosis Avas periph¬ 
eral. Occasionally leaves Avere completely chloiotic, excejit for a IVav, scat¬ 
tered, darker green islands (Fig, 1, E), an inversion of the angular spot 
pattern found on the original tret*. Usually most patterns could be found 
on a single seedling though sometimes one tyj)e of pattern tended to predomi¬ 
nate. The amount of scorch varied from seedling to seedling and from sea¬ 
son to season. Tliongh large necrotic .sj)ots were sometimes to be found, 
necrosis Avas typically marginal. 

Of the peach varieties tested, Elberta and Roebest(‘r were most suscepti¬ 
ble. The former displayed symptoms much like those on the original tree, 

3 Contribution Xo. S30 from tlic Division of Botany and Plant Pathology, Scionce 
Service, Department of Agrieiilture, Ottawa, 1/anada. 
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FlQ. 1. Pattern variations of poach blotch on peach leaves. A Small -infftibir 
chlorotic m.ote. B, C. Irregular blotch patterns. B. Peripheral chlorosisTnd emSr^a-’ 
Uon by scorch. E. Inversion of A. F. Central feathery chlorosis. G. Peripheral chlo- 
roBis, inversion of F. H. Faint general cMorosis along veins. A, B H from ori^im.! 
tree; C, D, E. F. G. from inoculated seedlings. ’ ’ 
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wlioreas hi the Jatter, the feathery \mi\eni (Fi<r. 1, V) predoininated. 
Vedette showed slijrhl blotehio*; in soirie seasons and Jiltle or none in others. 
Golden Jnhilee was almost symptomless, tlion^h a few <‘arly ]eaA'(*s soimdimes 
liad either a mild mosaie j»attern or yellowinjr of veiiis. Few if any symp¬ 
toms were ohsei*ved on PtTe^^riiie, a whit(‘-fleshe<l variety imported from 
Bnjrland. On all j)ea(*hes, the ])atterns Avere eitln^r pale iireeen, yf'lloAvish 
^re(Mi, or greenish yelhiAV, but never Avhitej and no indieations ofc* symj)loms 
AAwe seen on flowers or twif^s. 

To dat(\ transmission experiments with ])lnm, apric'ot, and (dierry A^arie- 
ties and the eheri'v seedlinpf have* S 2 :i\’en nejjrativt* results in at least two sea¬ 
sons sinee inoenlati<m (‘xeept for a vajrne and donbtfnl blotehin^^ on Italian 
j)riine. In most eases, tlie insertc‘d diseased peaeh buds {xrew, ami even Avhere 
they (lid not, union Avith the stoek took place so that transmission of tlie Aorus 
to (Nieh of the test varieties Avas possible. The vari(‘ti(‘s used in these experi¬ 
ments included; Pruints doincstiea var. Italian ]>rnne. Gernian ])rnne, Ueine 
Olamh*, and Lombai’d ; P. snhema vaj*. Al)nndam*e; ]\ errasifent, Myrobalan 
s(‘(*dlin<rs; P. anuvinncn var. Niajrara; ]\ arinni var. Black Tartai’iaii, 
Xa]>oleon, and si'cilTniji:; B. cnasas var. Montm()i*en(*y, and P. mahdhh seed¬ 
lings. 'file (loiible-bnddin^' t(‘sts, howevei*, should be supj)lenieiited by inocu¬ 
lation of th(» same varieties after they haAe been index(Ml and established as 
nnrsery st<K*k. AVhetlier or not ))lnms and cherries can a(*t as carriers of 
blotch has not A (‘t lieen determined. 

In 1!)44, what appealed to be a sivond natural oeenrrimce of blot(di Avas 
f(mnd on snck<‘!‘ ^n’owth near tin* (O’oteh of a tree of the Marijrold A'ariety in 
a»i orchard near Hamilton, Ontario. In this t^ase, the ])redoininatin^ syni])- 
tom type was the central, symmetrical, feath(*ry blotch or some modification 
ther(M)f. Imanilation of p(*a(‘h seedlinjis has demonsti*ated transiiiissibility, 
but the elfects of tliis virus (m other hosts are yet to be worked out. 

Two other infections variejzations of the ])(*ach, mottle and calico, Iuiah' 
been investijrated by Blodgett 1,1, 2). Rih^acs (4) has also found isolated 
eas(\s of a ealico-Iike disorden* on peach in Washington. Blodjrett’s descri]>- 
tions of inotth* and calico and his illnstratiojis of calico imlicate that these 
two dist^ases bear consiilerable resemblance to j)each blotch, both in their 
foliage symptoms and in the rarity of their occurrence in nature. On the 
other hand, these three dis(‘ases and jmesumably their causal viruses are not 
identical. For examjd(\ the peaeh mottle virus (1) causes not only s(were 
mottliuf^, deformity and necrosis of leaA’es, and dwarfinjj!: of trees of sAvet^t 
cherry but also di(‘-baek and ‘rummosis of Montmorem'y, Avhereas the blotch 
virus and the calico virus (2) have had no apparent (>ff(‘et on cherry varie¬ 
ties. (^ali(*o also differs from blot(»h, though less markedly, in that its pat¬ 
terns become '‘brilliant-yellow, almost papery-Avliite"' and appear on tAvi^^s 
and fruits as Avell as on leaATs. Furthermore, amonjr the symi>toms of calico 
no mention is made of the marjrinal lacerations and seorcdi associated Avith 
both blotch and mottle. 

As these three peach disorders are not of jrreat economic importance at 
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tlie present time, their chief claim to interest lies in the possible implications 
of the characteristics they have both individually and in common, considered 
in relation to their distribution. Their foliajje symptoms on peach suggest 
that the diseases may be caused by virus strains, more or less closely I'elated 
but differing in virulence. The differences between the diseases could then 
be construed as differences in degree rather than in kind. It is difficult, 
however, to see how such strains could arise when the disorders they produce 
occur as virtually isolated cases in widely separated districts. It is, of 
course, possible that the <liseases may be sj)oradic infections by pre-existent 
viruses not ordinarily transmitted to peach. In such an event there would 
seem to be undue stretching of coincidence to exi)ect sporadic infections of 
that type, even inider necessarily highly ex(*ej)tional conditions, to be con¬ 
fined to single trees in an ondiard or district, particularly if more than one 
virus is involved, lllodgett’s suggestions (2) that some viruses ‘^may be 
originating wdthiii rather than being contracted by certain host plants” and 
that “the differences between perpetuated abnormalities and transmissible 
diseases, such as calico, may be, after all. fundamentally rather slight” de¬ 
serve some consideration, especially in the light of recent work by Woods and 
Du Buy (3, 6). These investigations indicate the possibility that infectious 
as Avell as noninfectioiis variegations may arise through alt(*i'at ions in th(» 
chondriosomes or plastids. Such an explanation of the origin of the diseases 
under discussion could account both for their peculiar distribution as well 
as for their points of similarity and dissimilarity. IIow(»ver, until more than 
circumstantial evidence is forthcoming, the relationships between the causal 
viruses themselves and between the viruses and tlieir hosts must remain 
enigmatic. 

Dominion Labokatory of Plant PATiiOLociY, 

St. Catitarinks, Ontario, CxVnaua. 
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GKOWTH AND OVERWINTERING OF XANTHOMONAS 
VESICATORIA IN ASSOCIATION WITH 
WHEAT ROOTS" 

Stephen D i a c n u n and W . 1) . V a l l e a u 
(A<'Cf])tod for ])ii]>iic'atioD Novcmlu*!- 20, 1945) 

111 previous reports it Jias been demonstrated that the tobacco Jeaf-spot 
bacteria, Bdcliriiim fahantiu and B. (nifjulahntt, can form colonies on roots 
of wlieat and other unrelated plants, and, furtlierniore, that tliese t^vo orjian- 
isnis can maintain themselves in field soil indefinitely, apparently in associ¬ 
ation with roots (6, 7). 

The ill vest i fixation lias been extended to find out, if possible, whether 
plant pathofjeus other tlian tlie tobacco leaf-spot bacteria can perpetuate 
themselves in association with roots. The selection of species to be tested is 
somewhat limited by the method used in the study. To determine the pres¬ 
ence or absence of pathojronic bacteria in soil or on roots, an aqueous sus¬ 
pension of tlie suspected soil or roots is poured on an artificially water-soaked 
leaf ol! the api)roi)riate host. The leaf is water-soaked by squiidinj:: a stream 
of water from a hypodermic syrinjre a<rainst the lower surface; water-soak- 
inj,^ occurs only if the stomata are o])en, and remains only a few minutes. 
Water-soakinjr, if properly done, does not seem lo injure leaf cells, as indi- 
(‘ated bj’' the fac't that when tobacco-mosai(* virus is j)oured over water-soak(‘d 
leaves of mosaic-resistant ])lants (N N) no necrotic s])ots result (2). If a 
suspension of bacteria is placed on such a temporarily water-soaked leaf some 
of the bacteria enter the leaf, in the water-soaked area, and, if i)alhoj!:enic, 
they subsequently produce leaf spots (1) ; but temjmrary water-soakinj^ does 
not increase susccfitibility to nonpathoj*:enic orjzaiiisms. Thus, develojunent 
of sj)ots on leaves iiKMudated in this way with suspected roots or soil shows 
that j)athoyenic bacteria were jnvsent in the tested material, and failure of 
spottiiijr indicates absence of the bacteria, or ])erhai)S ]U‘esence in very small 
numbers. 

Xanfhonionujs risicatnria, X. phascoli var. sojt ns(\ and Bacivrinm mrdi- 
cuffinis var. phasvolicola were selected for study. They cause common, 
widely distributeil diseases, and apj>ear to differ somewhat amoii}? them¬ 
selves in the method of overwinterinj*. Epidmiics of halo blifrht of beans, 
caused by B. mvdicnuiuis var. phancolicohi are generally believed to be initi¬ 
ated larjrely by seed-borne oro:anisms (4). Also, much of the primary infec¬ 
tion caused by .V. rrsirnforia, is thouj^ht to be tra(*eable to contaminated 
seed, but because epidemics have occurred in ]dants jrrown from seed be¬ 
lieved to be clean, there is reason to believe that primary infection can orijri- 
nate in some other unknown source, perhaf)s contaminated soil {[\), Primary 
iiiomilum for outbreaks of soybean bacterial pustide, caused by A", phascoli 

1 TIu* investigation rei>orted in tliis jiaper ia in connection witli a project of the Ken¬ 
tucky Agricultural Experiment Station ami is published by iiermissiou of the Director. 
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var. sojc7iS(\ is eoiiniKuiIy thonj^ht to come from overwintered or«?anisms in 
fallen diseased leaves (5). 

In the present report are «;iveii the results of tests designed to determine 
whether these 3 or<ranisms (‘an ^row on roots and also overwinter in soil in 
association with Avheat roots. 

Cohnnj Formation on Roots. The ability of these species of bacteria to 
jrrow on roots was tested on 4 s]>ecies of ]>lants. Seeds of Thorne wlu'at, 
Rntjrers tomato, Strinjrless jjrreen-])od bean, and Macoupin soybean were 
sin’fac^e-sterilized by soakinj? 2 iiours in a 1.25 ])er ccmt solution of NaOPI, then 
germinated on sterile moist paper towel in sterile Petri dishes at 27^^ C. in 
the dark. In 2 days roots of the wheat seedlinjrs wiM*e larjre enouj:;!! to be 
inoculated (soybean, 2 days; lu'an, 3 days; tomato, 4 days), hioculum was 
j)rej)ared from 48-hour cultures on slants of potato-dextros<* aj^ar (O.o per 
cent dextrose). The bacteria were suspended in sterih* tap water, 1 to 2 
million cells [)er cc. In each t(‘st, roots of 10 ])Iants were immersed in the 

'I'ATiljK 1 .—ColitHU format 'Ktn by J .’<pt ci(s of yhmt yathofft nir Ixtrlrrin on roots of 
stfttJinys f/roirn nndrr asfptic rnndifio^tts 



« Tlu* (li'noinhintor of the fr:icti(ni sli<»ws tin* i)innh«‘r of )»laiits of wliieli tin* 

roots w<*ro jiio(*iilat(*d. Siiirt* 10 plaiits wore used in earli lest tliis fij^un' ;jIso jj^ives iudi 
reetlv the iiunU»or of t(*sts. 'riu* iiunu^rator is the iiuiiiher of jdants on tl.e roots of wliieh 
bacterial colonies were ]»r(*sent. 

inoculum. The inoculated y)lants were then so plactMl on sterile moist ])aper 
towels in sterile Petri dishes, 3 or 4 plants per dish, that the rinds were in the 
moist air, not in contact with paper or ^lass. Two days later examination 
of the roots (mounterl in water) with the low ])()wer of a microscope showed 
whether colonies were i)resent. Some of the tests were repeat(*d several 
times, as shown in table 1. 

In all the tests all 3 sj)e(‘ies (»f bact(*ria multiplied and f)roduce(l colonies 
on the surface of the roots of wheat. Roots of bean, soybean, and tomato 
seedliiif^s also supported growth of the bacteria but ixThaps not so consis¬ 
tently as wheat (Table 1). In ^•eneral, there seemed to be no tendency for 
the bacteria to ^row better on the roots of their usual host j)lants than on the 
roots of at least one other plant tested. In fact wheat roots seemed to sup¬ 
port growth of Xanihomonas vesiratoria and X. pJtascoli var. sojense better 
than did tomato and soybean. 

Ovrrwivterinff in Association ivith Wheat Roots. The ability of these 
species of bacteria to overwinter in soil in association with wheat roots was 
r(*sted. On November 11, 1943, Thorne wheat was sown outdoors in each of 
3 small plots, 3x5 feet, of spaded nonsterilized soil. Immediately, 750 (*c. 
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ot a 6-day l)eef-pej)t()iie-l)rotli culture oJ* one of the li si)ecies of bacteria was 
.si)riiikled on each ])lot. Each ])lot was then raked separately with a sterile 
rake, and sprinkled with 10 liters of tap water. At about monthly intervals 
between December 11, 194:1. and April 14, 1944, ten plants were diijr from 
each i)lot. The soil was washed from the roots in runuirif^ tap wat€*r. The 
root system of each plant was crushed separately in a sterile aluminum dish 
with a sterile frlass spatula with 10 cc. taj) water, anci poured on the lower 
siirlace ol a water-soaked leat of the ap]n*opriat(* iiost: /.e., tomato, soybean, 
and bean. Develo])iiient of leat spots on the inoculated leaves was rejiiardcd 
a.s evidence of tin* presence of bacteria on or near the wheat roots. As a 
further ]>recaution in each test bacteria were isolated from the spots and 
com])ared with colonies from the orijrinal culture. 

^authoinoiKis vcsicatona was recovered from wheat roots in December, 
January, February, and March, but not in April (Table 2). In each test 

TADIiK 2.— lif-nn'cri/ ttf Xahlhurnttiiuti vrsiralttria fnnn roo/.s* o/ wheat plants (/narn 
in inovniatrd soil naldtatrs in wuihr nf U)4:t—44 at Lexinphin, K( ntnelp. Hoot systems 
of 1ft plants eriisheft indiriftnally In trat^ r and ptmnd on 10 water-soalced tomato leaves 

Date ot* isolation No, spots on inocnlatod leaves 

Doe. n, 1043 1 *, 0 , 7. 15, 0, 0, 3, 12, 1, 0 

Jan. 12, 1944 0, .5, o, n, (>, 0, 0, 0, 1, 0 

Vvh. 1, 1944 0, <1, 0, I, 1, 0, 8, 0, 0, 0 

Feb. 2 : 1 , 1944 27, 9i). 75. 100. HO, 0, 0, 0, 2, ‘A 

Mar. 14, 1944 9. 7, 0, 5. 10. 0, 0, 0, 0, 0 

Apr. 14, 1944 0. 0, U, U, 0, 0, 0, 0, 0, 0 

A', vcslcaiorid was isolated from t.v])ical spots on the tomato leaves. Also, 
in the tests of December, February 2:1, and March, the isolated bacteria were 
inoculated onto tomato leaves and produced tyj)ical spots. Neither Bac- 
terimn wcdicafjinls vac. idKisrolivoItt nor .Y. phaseoli var. sojense was recov- 
(Tcd from the wheat roots at any time during the j)eriod of the test. Al- 
thoujrh this need not ne(M*ssarily be interpreted to mean that these orfranisms 
cannot overwinter on wheat root.s, the jreiieral obsei-vation that bean halo 
hlijrht can be avoided by ])lantiujx disease-free seed may mean that this orjran- 
ism cannot })er])etuate itself readily in soil. The tomato and tobacco h*af 
spots cannot be controlled by i>lantin;r clean .seed; /.e., the orj^anisms exist 
somewhere else, i)robably on roots of some nearby plants. 

It will be desirable for individual w(»rkers to determine the ability of 
other bacterial pathoj^ens to live and overwinter in association with roots. 
It would indeed be surprisin^^ if the tomato- and tobacco-leaf-s]iot orjranisms 
were unicpie in this respect. Several or many bacteria may be found to be 
able to overwinter in association with roots of unrelated species, and perhaps 
some j)atho<renic funjri can do likewise—if .so, .some of the com;epts of host 
raiif^e and control of plant diseases by ero]> rotation may need to be recon¬ 
sidered. 

Kentucky Agricultural Experiment Station, 

Lexington, Kentucky. 
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FAILURE OF BUU AND GRAFT UNIONS OF ROSE INDUCED BY 
CHALAROPSIS THIELAVIOTDES 

K E W X E T 11 F . B A K E U A N D H . K A R h T H O M A S 
(Aceejitod for ]mblicatioii Ducombor 1, 1945) 

The “black mold” or “Manetti mold,” (Uialaropsis ihudavioides Peyr., 
lias become important in years as a cause of jrraft failure of rose in 

the east and midwest. The fungus also caused a failure of bud unions in 
field-j?rowii roses in one area of California durin**; the sin«»;le year, 1940. 

The fungus was perhajis first found on walnut shells from Scotland in 
1878 and on apricot roots in Australia in 1902 (o, 9, 11). It was first de¬ 
scribed (l.‘l) as the cause of a root rot of lupine {Liipinm albiis) in Italy 
in 1915 and the jrenus CJialaropsis was eivcted at that time. It was a^ain 
reported on lupine {L. (fibus) roots in Italy (14) and Germany (12) in 1927. 
In 19.‘10 it was very daniaj*injr to walnut jrrafts and occurred on carrot roots 
in Eiifrland (5). In 19;12 the fungus was observed on layered walnuts and 
on walnut roots in En<rlaud and it was reported in Palestine in 1933 on peach 
seedliijf^s from EraiU'C (5, 9). The funjrus Avas isolated from rose euttin<rs 
in Victoria, Australia, by Fish in 193(5 (9). 

The first definite report of Chalarnpsis Ihidavioides in North America 
seems to have* been from Oklahoma in 1934 Avhere it was causinj:^ root rot 
of stored Chinese elm (h'). [n 1938 the same species caused serious loss of 
roses in jrraftinj,^ frames in Illinois and New York on rootstocks of Kosa 
c/iltu nsis var. Mandfi from a small area of northern Oregon (8). The dis¬ 
ease apparently had been present for some years before discovery (10). In 
3 nurseries of Santa Clara County, (California, the fun«:us caused a failure 
of bud unions on undei’stocks of Manetti, Bom odovata^ and B. niidliflora in 
1940 (1) ; in one field only 2b per cent of the bud inserts had united in 3 
siu'cessive attempts. It is noteworthy that these losses occurred durinj^ the 
hot, dry months of Aiijrust and September and that roses budded in a nearby 
field the followinjr year on cuttinjrs from these infected plants sustained no 
detectable loss from the disease. In 1945 roses frrafted by one j 2 :rower in 
Alameda County failed because of decay by this fuuj^us; since it is unusual 
to j»:raft roses in California, this type of trouble is rare. The disease has not 
been found in southern Calif<»rnia, ])erhaps because roses there, are larfrely 
frrown on immune Hajrj^ed Ivobin (Gloire des Rosamanes) rootstock and are 
field-budded i*ather than ^n-afted. The jrraft disease also has been observed 
in Pennsylvania and the fuujriis found on Washin*,don-^n’OAvn understocks 
(19). The frraft disease apparently has beeii associated only Avith Americau- 
frrown rootstocks. 

The funfrus is of importance primarily on j^reeidiouse roses in ^raftiii" 
frames and in nurseries where the ]>lants are budded. Because outdoor roses 
commonly are propa^mted on the immune Ra*r^red Robin or resistant Bosa 
multiflora rootstocks, little trouble has been reported or Avouhl be expected 
in that crop. 

2S] 
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SYMJ'TOMS 

Usually the disease on rose is first detected by the failure of* the bud or 
seioii to unite witli the stock. On the intei-races of the bud shield or scion 
and the rootstock fi‘e(jueutly is seen a crust or (*ruinbly mass of black s])ores 
and this j^ives rise to the name “black mold.’' If, however, the specimens 
are not observed within a few days the cut surl'at'cs fj*efpiently are overrun 
by secondary fiiiifii whicli may obscure or obliterate macrosco])i(', evidence 
of the causal orjranism; mac'roconidia may .still be obsej-ved under the micro¬ 
scope at this stajre and affoi*d evidence of the disease. 

The earliest stajres are frc^quently overlooked because they are less con¬ 
spicuous than those outlined above. Very (piickly after <rermination of the 



Pig. 1. Failure of I*iM*rJes.s Lmls To iiiiiio with stock.s of Bosa chirifusis var. ManvUi. 
Iuoc.uiat(Ml with a. siisjuMiHioii of sporc-s of Chafaropsi.s *hit Uiviotflrs attcr Itiuhlcd aiul 

tied witJi grafting rnhhor; ludd in rutting frame for 24 davH lu*for<' lu-ing ]>liotograph(‘d. 
Two stems at left are noninoculated ehecks shoAviiig health,v eallii.s formation. 'Phree 
stems at right show n'jireseiitative bud failures. 

infecting sjmre ttiere is foruied a. small area of fro.sty white endoconidia and 
scant mycelium which spreads rajiidly to cover the cut surfaces. This 
growth is most conspicuous with high humidity and may be very sjtarse 
under d»y conditions. On newly infected bud shields and wounded Manetti 
stems under humid conditions dro])s of clear li(pii<l may appear for a short 
tidie, drying to leave a shiny spot. The fro.sty white growth darkens within 
a few days due to color (diange of the infected tissues and of the fungus 
itself, ami gradually gives way to the black crust of macrospores. 
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The bud shiehi is killed and j>ernieated by the fuiifrus. A seion is killed 
by b(‘inf>: eut oflF from its moisture suiiply but may not be completely invaded 
by the funjirus. A susceptible type of rootsto(*k may be invaded for a short 
distance from the eut, but in the immune Ha'r^ed Jtobiii only a surface 
staining has been noted. The funjrus does not attack vij^orously i^rowinjr 
tissue with the rapidity or dejiree that it does dormant or senescent wood 
such as bud shields, scions, cuttinjrs, or branch stubs. Cambial activity of 
such infected tissues is suppressed and no callus is formed. 

The frral't phase of the disease is well illustrated elsewhere (3, 8, 10). 
The symjitoms of bud failure seen in California are shown in fijrure 1. 

The fnn”:us attacks the basal end of a cuttin^^ i)reventinjf formation of 
callus or roots ami sometimes causinji: its death. Cuttin^rs less seriously 
atf(‘cted may show retarded ji'rowth of shoots, f)erhaps because of im[)aired 
Avater abs()ri)tioji throiu»h the callus. Leaves cannot be infected (8) ; that 
this is not characteristic of chlorophyllous tissue is shown by the susceidi- 
bility of jrreen stems of such varieties as IXL and Rosa mult I flora Griflvraic. 
lnfecti<m of rose roots is known (8) but apparently causes little damajre. 

The pronounced fruity odor of the fun«rus on ajiar media and on rose can 
he detected in a closed si)ai‘e su<*h as a ^raftinj,^ case; it is said to be due to 
isobutyl acetate (8). 

THE PATHOUKX 

The funjrus, (Uialarojisis fhirlarioidcs, Avhi(*h caused this disease of rose 
in California, is identi<*al in (‘ultural and morpholo‘»‘i(‘al characders AA’itli the 
fun^His reported in New York and Orejron (described and illustrated in 8). 
Also very similar moi’pholojiically, but ditferin^ somewhat in cultural chai'- 
acters, are tiu* forms from Avalmit. lupine, Chinese elm, and peach (described 
and illustrated in 5, 6, 9, 13). The rose funjrus has been reported as similar 
to th(» imperfect staj,^t*s of (U ratosiomvUa radiricoJa from date palm (2), 
Gcratosfoairlla sp. from plane trees (17Y and Endoconidiophora variospora 
from chestnut oak (4). It was round, hoANCver, that the ro.se funguis did not 
pair with either strain of C. radicirola or E. rariospora to form ])erithecia. 

All Avorkers are a^J-eed that Chalaropsis thiclarioidrs is a Avound fungus 
unable to infect uninjurcil tissue. The published evidence and our findin^^s 
are in aj^reement that the fun«»us only sli^ditly attai'ks vijrorously jrroAvinfr 
tiss\ie and prodm-es the most severe damajz:e on dormant parts such as storetl 
Chinese elm roots, rose bud shi(*lds, jrraft scions or (‘uttiii^s, Avalnut scions, etc. 

Tlie fungus invades the xylem, cortex, vascular rays, and pith of rose and 
Avalnut stems, formin^^ macroconidia in the vessels (f), 8). 

HOST RANGE AND RESISTANCE^ 

There have been 6 physiolojric forms of Chalaropsis ihiclaviokhs re¬ 
ported; these have bt^en desijrnated as the lupine (13), Avalnut (5), carrot 
(5), peacli (T)), Chinese elm (6), and rose (10) forms. While these forms 

1 Some of the rootstoeks nsed in this work were kindly supplied by Armstronjr Nur¬ 
series, Ontario; California Nursery Co., Niles; and Western Rose Co., San Fernando. 
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have been described as differiiijr sli^litly in cultural and morphological char¬ 
acters, the prime distinction is pliysioJogical, resulting in host specificity. 
That there is, howcA^n*, physiological uniformity Avithin the sj)ecies is showm 
by the fact that the lupine, elm, and rose forms are consistent in vitamin 
requirement, lacking ability to synthesize thiamine but able to form biotin 
and pyridoxine, whereas other species differ in these recpiiremeuts (15). 

Tests Avere made to determine partial host range of some of these forms 
and of some closely related fungi. The California and New York-^ isolates 
of the rose form of Chakiropsis fhidavioidcs strongly ])arasitizcd Avounded 
rootstocks of Manetti, Rosa odorata, and R. tmdiiflova, but did not infect 
Ragged Robin. The forms of C. thirlavioidcs from lupine,-’ Avalnut/ and 
Chinese elm,"' Ceralostonu lhi radivicohi from tlate ])alm,'‘ and Ci ralostomclla 
jinihraiUi from sweet potato AA^ere unable to parasitize any of the 4 rose root¬ 
stocks. Rndocotiidiophova sp. from i)lanc tree* did not infect Manetti root¬ 
stock but Avas slightly parasitic on Jiagged Robin. Eodoconidiophora vari- 
osporn from chestnut oak * and ThUlnvwpsis hasirola from trc(‘ peojiy Aven* 
nonpathogenic to Manetti and Ragged Robin. 

A California isolate of the rose form a* as testt‘d for palhogeni('ity on a 
number of other plants. A freshly peeled area on ca<*h stem Avas inocniatt'd 
Avith a ]mre culture and the stem held in a moist cliamb(‘i\ Rosa laxa, once 
used as an understock, AA^as,found to be immune, R. hfopicaspis, R. nuihaiui,^ 
and R, califoriiica^ Avere moderately susceptibh*, R. {pfinaorarpa, R. malti- 
flora Orifferaif, and the rootstock JXL avcic very ^lls(‘e])tihlc. St(‘ms of 
orange and Chaenomdes japonica, and roots and stems (»f ( Imas pamtia 
Avere slightly susceptible, stems of pear." sAveet cherry, peatdi, almond, Mariana 
plum, and Persian and black walnut AA^ere moderately sus(*e|)tible, and at)ple 
was immune. 


Longn^^ (8) found that the rose fungus grew slightly on wood of Chinese 
elm, black walnut, ItjUglish AA'alnut, ]>oplar, and |)earh, and on ]>otato tubei* 
and carrot roots in moist chambers. Some growth of the elm form Avas 
obtained on AVOunded rose stems under the same conditions. Hamond (5) 


reported successful inoculations by Avalnut and carrot forms on (‘arrot and 
weak infection on lupine. 

Repeated inoculation tests Avith the (California and New York isolates of 
ttie rose fungus shoAved that rootstocks of Rosa odorala and Manetti Aven* 
very suscei)tible, R. niulliflora moderately so, and Ragged Robin immune 
(Fig. 2). This is in line with the observation that the fungus has occurred 
in rose fields in cerdral Califorida (and presumably in other Avestern states 
since it occurs on the stocks following digging) Avhere the susceptible 

2 Culture supplied by Dr, L. M. Massey (10). 

" JMJuie supplied by IV. D K Bliss from trnusfer of Pevronel ^s isolate (M\) 

4 Cuitun. supplied by Dr 1) E. Bliss from Centraal Bureau voor Sebimmelmi 
transfer of Uamoiid's isolate (5). 

■•Cultures supplied by Dr. B. W. Davidson (4 0). 

« Culture supplied by Dr. D. E. Bliss (2). 

7 Culture supplied bv Dr. J. M. Walter (17) 

'-..h.iHh varia- 


e.uHuros 
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Manetti, 2?. odorata, and K. mulliflora rootstocks ai*e used, but has never been 
observed in southern California when* tlie inniiune Ra^r^red Robin is used. 
Use of an immune type of rootstock should prevent the increase of soil 
inoculum. 

A study was made of tlie immunity of Rapr^ed Robin rootstock. Treat¬ 
ment of hardwood stems in water at 100° for 10 minutes killed them and 



Fig. 2. Relative rcsistaiifo of 4 coniinoii rose rootstocks to Chalaropfsis thirlavioidts. 
Hark was slit as in Uinidiiip, stoius dippot! in spore suspension, and held in cutting frame 
for i20 days before being ]diolograplie<l. I.eft to right: Ragged Robin, Jfosa muUiflora, 
R. chint nsin var. Manvtti. and R. odorata in increasing order of susceptibility. 

destroyed their resistance to the fungus. Similar treatment at 50° C. re- 
du(*ed callusing and sjirouting, and enabled the fungus to grow moderately 
w'ell. Kxposure to moisture-saturated air at »)0 ( . for 10 minutes did not 
injure the stems and enabled the fungus to develop sliglitly; loss of immu¬ 
nity did not, then, result from leaehing of an inhibitory substance. The 
susceptibility of stems of Manetti and Eosa odorata also was increased by 
such heating. 
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The developed quickly in moist eluimbers on cut surfaces of s(*ions 

of R(mf odorata in contact with Rajrjred Kobin stems, and apparently devel¬ 
oped sli^htJy on the latter at points of contact. Resistance is not restricted 
to phloem and cortical tissu(»s, for a completely peeled Rajr^ed J3obin stem 
is still immune. Wounded stems of /?. odorata sjn*ayed with a spore sus|)en- 
siou and (‘overed with macerated tissue or expressed sap of Raj;jred Robin 
steins were not prot(*cted from ilecay. 

The addition of sucrose, calcium nitrate, or both to the sf)ore susj)ensions 
sprayed onto wounded Ra^jred Robin stems did not jironiote infection. 

Tliese limited tests indicate that the immunity of Rajx^ed Robin t(» the 
rose funjrus is restricted to livinji: cells, is decreased by a dej^ree of heat 
not markedly harmful to the host, and is not due to a stronjrly diffusible 
substance. 

TKMPERATUKE RELATIONS 

Studies (5) with the walnut, peach, and carrot forms on ('arrot ajzar 
showed no growth at (\, very little at slight at 12^^, optimum at 18-;5()'' 
(walnut 18-25”, peach 25-;l()”, and carrot 18”), very little at [W\ and none 
at .‘15° C. LongriV (8) found for the rose and elm forms on potato-dexti*ose 
agar that the minimum temjieratnre for growth was ()-.‘1.5° C., o[)timum 18 
27.5°, maximum 30.5-88°, and that at 88° the lujigus was killed in 85 
days. The elm fungus caused (20) U‘ss root rot of Phiu(*se elm at 1.7 .8.8' (\ 
than at 4.4-10.0° or 12.8-23.9° V. 

To determine the relation of temj)eraturc to growth of the ros(» t'ungus 
on rose, stems of Rosa odorata were inoculated and hehl in moist chambers 
in the laboratory (about 25° C^) and in refrigerated r(»oms at 12.8°, 5.0° and 
0° C. After 26 days stems at 25° i\ were baiUy decayed ; at 12.8"^ (\ stems 
were blackened for 8 mm. and had abundatit endoconidia and macrospores; 
at 5° C. the stems were covered with eiidoronidia (and after 79 days the 
stems were blackened) ; at 0° V. no fungus development c(ndd b(» seen (alter 
79 days there was a very sparse eiidocojiidial (ievelopment and no black¬ 
ening). 

It is apparent that if rose stems as cuttings or stocks are to be stored 
under conditions inhi})ito?y to the fungus, a tem|)crature as close to 0° C. 
(21) as practicable without injury to the host shouhl lx* us(*d. It has been 
suggested that (9iinese elm plants should be stored at 1.7-.8..8° (\ to control 
ro(/t rot (20). 

DISSFM[NATION OF THE FIWOLS 

The spread of the fungus with infected plant |)arts has been shown f(»r 
rose (3, 8), elm (20), and walnut (5). That the cnd(x*onidia are adaiited to 
dissemination in water is shown by their gelatinous cousistency in mass and 
by their ease of wetting. The severity of the disease under the moist con¬ 
ditions of the grafting case is cir(*umstantial evidence of water dissemination. 
Field stocks in California are growui from cuttings which root in jilace. The 
soil is pulled away from the crown prior to biidding so that the bud may be 
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inserted eiose to the roots and tlms g:ive a short “neek.” The residtinj^ ditch 
is used for irrifj:ati()n followinj; buddiiij^ and the water thus bathes the T cuts 
and bud shields of an entire row; this supplies an excellent mechanism for 
rapid spread of the funj^us, paeticularly when irrij^ations are frequent. 

There is stronj»: eircumstantial evidence that the fuii*>:us may be spread 
by the woriuu* who does the buddiufr. Because of the abundance and sticki¬ 
ness of the endoconidia it would be ex])ected that they would be spreacl on 
the buddiii<»: knife and the worker’s hands or clothiiifr. All of the fields 
involved in the occurrence of bud failure in Santa (Jlara County in 1940 had 
been budded by one worker and the evidence pointed to spread from field 
to field. Even thoujrh the introduced inocidum were scant, the rapid devel¬ 
opment of endoconidia and the frecpieiit post-buddin*r irrigations would 
<iuickly si)read the fungus tliroujih the field. 

The 1,940 epidemic in tield-binhled roses perhaps is best explaijied by the 
fact that the cuttiiijrs of Unm odorata for one field were buried in clay soil 
for several weeks after removal from the plants durinj^ the rainy season and 
before beiii^: planted in the field. This unusual treatment, necessitated by 
d(‘Iayed field ])reparation, was particularly favorable to development of 
black mold. The ^n-ower r(q>orled bla<*k crusts on the end of many cuttings 
on removal from the j)it, but apparently there had been no pronounced root- 
iniL*’ failure of the cuttings, ])erhaps because of selection of uninjured stems. 
It was found (20) that storage of (Miinese elm trees in silt loam was more 
coiidindvi' to (4ialaroj)sis root rot than in sand, and that in heavy soil ^ooil 
drainajic was recpiired. A])]dyin^ these facts to the control of the rose dis¬ 
ease, th(‘ matei'ial used for packinjr ri)se rootsto(*ks for eastern shipment 
slum 1(1 be porous and never excessively wet. 

Because of the simiifi(‘an(*e of field infection of wounds the soil carry- 
ovm* of the fun^nis is important. 1-omposite samples were jrathered in Sep¬ 
tember, 1941, from the toi» ‘J-o inches of soil in one of the rose fields involved 
in tlie 1940 e])id(miic. This was made up in a heavy aqueous suspension into 
whi<-h peeled .Manetti stems wen* dipped before incubation in a moist cham¬ 
ber. Results were nejiative for both the bait-sticks and checks. Other com¬ 
posite samid(*s eolle«-t(Ml from the same field at 3-6-inch dej)tli in October, 
1941, were t(*sted similarly and a small number (8 stems in 83) developed 
(dialtin,f)sis: after standing’ for 6 days the suspension ajrain was tested and 
9 in 81 stems wi‘n* infected. Bits of old stems of R(»xa adorafa from the field 
were held in moist chambers but no (dndaropsts (l<*ve]oped ; this was to be 
ex])ected from tin* rapid re])lacement of the fuu'.nis by more suc(*essful sapro- 
l)hytes commonly observed in inoculated stems. There were viable sj)ores 
pr(*sen1 on the stems, however, as shown by riiisiu*; them in water which was 
bait-tested as above, 1 stem in 101 developiiijr (dtalarojysis; after the Avash 
water had stood for 7 days a second test jxave 2 inlected stems in 71. Checks 
dipped in tap water remaim^d uninfected. Infested sand Avhich had been 
used in a test in April, 1941, and s\d)scquently held dry in the laboratory, 
was tested by the same bait method 195 days later. Of 69 stems, 29 devel- 
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oped Chalaropsia, indieatinj*' that many spores ot* tlie fungus wei^e still alive. 
The cheeks remained uninfected. A similar test of tlic sand after 4 years 
showed the fungus to be dead. The bait teehni(iue should prove useful in 
determining Avhether a given field is infested by tlie fungus. 

These tests indicated that the fungus will live over in field soil for nearly 
a ye^ir. It is, therefore, a surprising fact tliat Manetti cuttings taken in the 
winter of 1940-41 fi’om the field of stock plants which had sustained such 
heavy budding losses and planted in a field only a few hundred feet away, 
had no evidence of the fungus in either stocks, or buds placed in them, 
during 1941. The disease has not been found since in field-grown roses in 
California. 


CONTROL 


Cultural Practices, Since rootstocks for greeidiouse roses are grown 
largely on the west coast and some arc grafted by commercial growers in 
other parts of the country, it is aj)parent that final control of the graft fail¬ 
ure disease Avill involve cooperatioii of the growers. It has been stated (10) 
that ‘^The problem is evidently one to be /vorked out where the sto(*k is grown 
and packed. . . . Evidence to date ijidieales that the problem fa(dng the 
nurserjunan . . . should not be a difficult oin*.’* TIu* us(* of western budded 
plants instead of locally grafted stock would effectively transfer Ibis jirob- 
lem to the western grower and automatically control the disease. Tlie in¬ 
creasing trend (7) toward budded jilants may eventually eliminate losses in 
grafting frames and reduce the disease to int'iNMjuent budding failure in 
western nurseries. This is regarded as the most effective single control pro¬ 
cedure for the disease.'" The budded tyjie of iilaut yields as well as the 
gi’afted one (18), and (*an be jilanteu over a. longer perioil of the growing 
season (7). 


A number of other practices Avoiild be hel])ful in reducing losses from 
this fungus. Cuttings should be planted in the field promiffly after being 
taken from the stock jilant. If it is necessary to hold them prior to ]>laiiting 
they should be stored at about 0'^’ C., and it would follow that rootstocks 
shipped east for grafting might be handled in tiie same way. Should it be 
necessary to store rootstocks or cuttings in sand or soil, the material should 
be as porous and well drained as po.ssible; they should ne\’er be buried in a 
pit. It has been shown (21) that dormant rose plants keiit best when stored 
^t — I.l C. in packing material ol 40 y»er cent moisture content; no 
injury from freezing, breaking dormancy, or aXUiv.k by molds was found 
under these conditions. 

biftce the fungus is a wound parasite, freezing and unnecessarv mechani¬ 
cal injuries to the plants should be avoided. 


Apparently the parasite can be spread by woi-kmen, perhaps on tools, 
clothing, hands, etc., and careful sanitation is therefore advisable. In situ¬ 
ations where the fungus is troublesome it would be a rea.sonable precaution 
^ expressed views in correspondeuce in agreem(‘iit witli this 
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to have workmen chau<i:e to clean clothing, wa.sh caretnUy, and disinfect all 
tools with 1 per cent formaldeliyde (1-40). ►Similarly all cutting benches, 
grafting frames, or propagating houses should be sprayed with this solution 
l)rior to use. Hairiond (5) reported tliat this ])roeedure plus painting the 
stems with formaldehyde prior to cutting reduced graft blight of walnut 
from 95 ])er c(Mit in 1980 to 7 per cent in 1988. It is necessary to sterilize 
sand 01 ’ other material in the grafting frame following a diseased crop before 
it is again used. Tliis should be* done with steam or eliloroj)icrin rather than 
formaldehyde because of the possibility that the latter maj’^ leave a persistent 
residue. 

It would be a wise precaution not to replant roses in an infested field for 
several years, even tliough there was no recurrence of the disease in the 
single case rejxirted liere. Jiotation of immune Ragged Robin with the sus- 
cej)tibie rootstocks Avould prevent increase of inomihim of tin* fungus. 

The use of rootstocks of Ragged Robin and ])ossib]y Rosa Uisa would aid 
in reducing losses from this disease. The former stock is commonly used for 
outdoor roses and might be worthy of ('onsideration for greenhouses. 

Projuigatiorj by liigh budding (16) into growing canes of rootstock later 
made into cuttings for field j)lanting might reduce budding failure. Thus 
the bud shields would be placed in aerial stems which could hardly have been 
infest(Hl by the water-borne spores of Chalavopsis. 

(^hrmicnl T not mi /// of (i rafts or Buds, Various workers have attempted 
to inhibit development of ('hataropsis thiclarioidrs on various host parts by 
the use of (dnunicals. Ilamond (5) j)ain1ed walnut sto(;ks with formaldehyde 
1 40 prior to grafting and was fairly successful in eradicating the fungus. 
Creager (8) used a 2-hour immersi(Ui of stock plants in various chemicals 
before potting; of these ])oiassium permanganate (1 lb. to 25 gals.) and for- 
makleliyde (1-820) were considered best. AVright (20) reported that in 
tests on (‘bemical treatment of (’hinese elm roots no satisfactory control was 
effected. 

Attempts were made to tiiid some f\ingicidal or fungistatic chemical iion- 
injurious to the host cambium that might be used on rose grafts or buds to 
control the disease. Stems of Manetti, or less frecjuently Bosa odorafa or 
R. multiflora, Aven* used in the tests. Pie(*es of bark were removed from 
several (usually 6-12) stems which were tlien dii)ped in a suspension of 
endo(;onidia and immediately sprayed or dusted with the chemical or dipped 
in it. The stems were lield in moist chambers or in (uitting boxes of sand and 
obsei-veil for about a month fc»r presence of the fungus. A few tests Avitb 
grafted stems lield in moist cases, and one limited field test, were made. 

(>f 74 different materials so tested, in over 110 different dosages and meth¬ 
ods of application, i>nly the following had fungicidal or fungistatic proper¬ 
ties: Arasan (50 per (*ent tetramethylthiuramdisulfide—used as dust and in 
aqueous suspension at 1—200); Arasan plus 1—1000 Jsothan Qlo (20 per cent 
]aui\\'I isoquinolinium bromide); Arabian plus 2 per cent phenyl mercuric 
acetate in bentonite 1—1; Dithaue D—14 (20 per cent disodium ethylene bisdi- 
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tliioearbamate) .1-100 plus ziiit* sulfate 1-400 and hydrated lime 1-800; Dow 
seed disinfectant No. 9 (zinc salt of 2, 4, 5 triehlor()])heiiol) ; Dow seed disin¬ 
fectant No. 10 (sodium salt of 2, 4, 5 trichlorophenol); Isothan Q15 1-100 
and 1-400; malachite «^reen 1-100; 4 ])er cent phenyl mercuri(f chloride in 
bentonite; sodium dimethyl dithiocarbamate 1-3.3. All of these materials, 
and many others neither fiinj^icddal nor funjristafic, were injurious to host 
cambium and j)reveuted its further * 2 :rowth. Attempts to inhibit the develop¬ 
ment of Chalaropsis by simultaneous inoculations of ajrar cultures and 
injured rose twiprs with (\ fhiclavtoidrs and Pfnicilliinn notainm were 
unsuccessful. 

It would appear to b(» very difficult to control the p:raft- or bud-failure 
diseases by chemical treatment at the point of union.Kven thoup:h some 
chemical, inhibitive or lethal to the 11111 * 1:118 and noiiinjurious to Jiost cam¬ 
bium, eventually may be found, for the present control may best be obtained 
by cultural practic(»s. The use of chemical dips for rootstocks would be 
advisable prior to ji:raftin*i‘ operations; formaldehyde 1-320 has been sup:- 
{^(‘sted (3). Because of the unimportanc.,e of the pfraft disease in (^difornia 
no studies were made of <'hemi<‘al <lips foi* rootstcx-ks. 

SUMMARY 

The black mold, CItaJaropsIs fhtrlarioidrs, caused failure ol* bud uidons 
in several rose fields, and of prafts in one preenhousc in CVdifornia. It has 
not been found in southern Califorida where roses an^ lai‘p:ely prown on 
immune l{app<*d Uobin rootstocks. 

Infected buds arc (pdckly killed and hlackeiu^d, and the cut sui*t‘aces of 
s<'ioii and stock are blackened and union jirevented. 

Of the common understocks, iiosa odnratu and U. nsis var. Manet I i 

are very suseeptible to the funpnis, /f. multifuna moderately so, and Raprpred 
Robin immiuie. The immuinly factor of Rapped Robin is restricted to livinp 
cells and (*an be decrease I by moderate heat treatments. The n)se form of 
the fnnpus is pathopenic to nii]imr(ais otlnn* roses and woody plants. The 
lupine, walnut, and Chinese elm forms are iionpathopcMuc to rose. 

The fiiiipm; is dis.sendiiate<l by infected ])lant parts, irripati(Ui water, 
spatterinp water drojis, .soil, and by the worker. It surviv(‘s in .soil or buried 
]>lant parts f(»r nearly a year. Infection occurs only throiipli wounds and 
the funpns is appressive only on dormant j)lant parts. 

The praft-failnre trouble could best he avoiiled by the use of budded 
ro.ses, fujipiis-frep rootstoc'ks, sanitation of tools, frames, etc*., ami Hiemical 
rreatmeiit of stems prior to praftiup. Bud failure is ran*, and can be pre¬ 
vented by immediate plaiitinp of cuttiups or, when ueeossary, })y storiup 
tlieni at C.. by rotation witli an iirimune croj), use of immune Rapped 
Robin rootstocks, by biph buddinp into cancs later made into cuttiups, and 
by precaution apainst s])j*ead by workmen. 

If-After tlii.s i»ai)(‘r wjjs in print a note by .1. A. Milbratli a})i)eare(l (Flor. Rev. 
97(2.'509): 2()-27. 1945) in Avlhcli similar results with 28 fuiipirldos wen* reported. It 

was suggested that infected cuttings be .soaked 1 hr. in Opresan (\ lb. per 100 gal. winter) 
before planting, and that beiiclies, toeds, etc. be sprayed Avitli copp(*r sulphate (1 lb. p(*r 
.5 gal. water) prior to use. ’ * ^ 
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Preventive elieJiiicHl treatinenits nl* eut siirfaees of the host were inisnc*- 
(*essfiil because fungicidal and fnufristatic inatei'ials injured host tissues. 
Division of Plant Pathology, 

I'NIVERSITV OF CALIFORNIA, 

IjOS AnGELIvS and liERKELEY. 
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REACTION OF ONION VARIETIES TO YELLOW-DWARF VIRUS 
AND TO THREE SIMILAR VIRUSES ISOLATED FROM 
SHALLOT. OARLIC, AND NARCISSUS 

P J1 1 L I J» B R I E R L E Y I AND F L O Y D F . S M J 1’ H - 

(Am*])t<‘d for i»ublication d, 194r>) 

Ah a part of a study of the nature and relationsliips of viruses isolated 
from shallot (Allium ascalouicum Ij.), garlic (d. satirurn L.), and naivissus 
(Narciasvs pscudonarcinifus L. var. King Alfred), 30 varieties or lots of 
onions (A. ccpa L.) m*re inoculated with these viruses and with an isolate 
of onion-yellow-dwarf virus (o, 6, 7) (- Allium virus 1 K. M. Smith = Marmor 
cepae Holmes) obtained from potato onion (A. crpa var. solaniinn Alef.) 
from West Virginia in 1943. 

The last named is considered to be the common or type strain of yellowy- 
dwarf virus, namely, that originally described by Melhus rt al. (6). Hen¬ 
derson (4), who quotes (biddings as staging that this disease w’as confined 
to potato onions when observed in West Virginia in 1916, considered a 
sample of the West Virginia virus a diqdic.ate of the one under study in 
low’a. Other isolates from onions by the WTiters, namcdy, one from New^ 
York from perennial tree onion (A, ccpa var. vivipurum Metz) supplied 
by II. A. Jones and two from Oregon, from commendal onions sui)plied by 
P. P. McWhorter, a])i)ear to be identical with the West Virginia virus. 
This admittedly small numbcu* of samides indicates that yellow-dwarf occur¬ 
ring in commercial onions is usually of this ty])e. and that other tyj)es such 
as our isolates from shallot, garlic, and narcissus are at least not commonly 
encountered in onioiis in nature. An isolate fri)m Bverready onions received 
from England in 1944 by H. A. Jones also ap[)ears to be of the common 
yellow-dwarf type, agreeing with this in symi)tom ex])ression in the test 
variety Bbenezer, and failing to infect Ttah Sweet Spanish. 

The shallot virus was isolated from commercial shallot supplied from 
Baton Rouge, Louisiana, by J. E. Welch in 1943. Of 13 other samples sup- 
|)lied by E. C. Tims from Jjonisiana, 10 were found infected wdth yelhnv- 
dw^arf as shown by symj)t(mis and by transfer to onion. In one sample of a 
strong-growing variety marked ‘‘Miller No. 1’’ oiity 2 of 16 plants were 
affected, and a virus-free line of this has been segregated. Symptoms in 
shallot are essentially as in (niion, and readily recognizable, but Louisiana 
shallots arf ai)parently acce|)tabl(‘ commendally when affected although 
Greerr(2) has showui that yield is markedly reduced by a disease very 
.similar to this in England. In onions the symptoms of the shallot virus 
are similar to those of common yellow-dwarf, except for greater virulence* 

1 Pathologist, Division of Fruit and Vogdahle Crojis and Disuascs, Bureau of lUant 
Industry, Soils, and Agricultural Kngiric<‘ring. 

2 Entomologist, Division of Truck (!rop and Garden Insect Investigations, Bureau of 
Entomology and Plant Quarantine, Agricultural Research Administration, T'liited Stati*s 
Department of Agriculture, Beltsville, Maryland. 
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as shown by more extreme (.Iwarfiiig and foldin**: downwartl of leaves. The 
shallot virus is probably a sti*ain of yellow-dwarf, but comparisons of proper¬ 
ties and other criteria ai*e jiot yet complete. Only the one isolate from 
shallot has been compared in detail with yellow-dwarf, and it is not certain 
that the virulent strain is characteristic of shallot infections. This virus 
is readily transmitted from shallot to onion by mechanical inoculation and 
also by Myzus persicae Sulz. with the methods used for viruses that are 
non persistent in the vector. 

The j>:arlic virus was isolated from commercial late or Italian jrarlic 
submitted by F. P. M(*Whorter from Orepfon in 1943. Two other samples 
of late p:arlic from Orejrou and one sample of early or Mexican prarlic and 
one of late jzarlic from (‘alif<iriiia expressenl 100 per cent mosaic symptoms 
when p:rown in our p:reenhouse. Indeed, all Allium sativuyn prarlic seen 
by the writers has shown mosaic. Transfers from several prarlic samples 
to onion have been accomplished by mechanical inoculation and by Myzus 
p(rsu‘(i(\ usinjr the transfer techniipie adapted to viruses nonpersistent in 
the vector, hut these traiisi'ers typically yield low percentap:es of infection. 
These isolates, iiicliidinp: one from jrarlic collected in Lamdiow', China, by 
T. P. Dykstra, ajipear to he similar in the test onion variety Ebenezer, but 
only one has been compared with yellow-dwarf in detail. Symptoms in 
onions are similar to yellow-dwarf symptoms in early stap:es, but there is 
much less foldinp* down of the leaves in later slap:es and the disease is much 
milder in (‘ffect. V. P. McWhorter* recalls collectinp: a mild disease of this 
order in onions in ()rep*on, hut w<* have no further reconl of such a disease 
H])pearinp‘ naturally in onions. The status of the garlic virus is still uncer¬ 
tain, hut it may prove t(» he a mild strain of onion-y<*llow-dwarf virus. 

The narcissus isolate was made to Ebenezer onion from typical narcissus 
mosaic material supj)lied by F. A. Haasis. Transfer of this by Myzus 
p( rsic(i( lias sinveeded only once in several attempts and the virus has not 
yet been returned to narcissus. Therefore this isolate is not necessarily 
narcissus-mosaic. viruN (3) nor necessarily a common invader of narcissus. 
N() transf(‘r from narcissus to onion by mechanical means has succeeded even 
under comlitions that permit success with the p:arlic to onion transfer. 
Symidoins of the narcissus isolate in onions are similar to those of prarlic 
mosaic*, and the virus is evidently closely allied to the latter. 

All virus cultures were maintained in Bbeiuzer onions, the four isolates 
beinpr carrietl in paralhd so that inoculum was of (*omparable age for each. 
In the writers’ <*aiTicr tests, inoculation by juice and by Myzus persicac 
transfer jiroduced similar results, varieties susceptible by one metliod prov¬ 
ing susce])til)le by the other method also. Inasmuch as all four isolates are 
1 ransfern‘d with case fiami onion to onion by the carborunduin-leaf-rubbing 
method, this method was used in the variety tests here re])orted. 

Onion varieties for testing were grown from seed su])plied b> H. A. Jones 
and planted September 21, 1944, except that two additional lots of Yellow 

3 Pcrsoioil foinnmn'u'.Mticn. 
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Sweet Spanish and one of Utah Sweet Spanish were sowni February 16, 
1945, to eoiifirm unexpected findinj?s witli the main idantinjys. Inoculations 
were bej^un in January and continued into May, or until infection with one 
or both of the more virulent viruses was complete. Some of the September- 
planted onions were inoculated six times, those planted in February 
three times. 

TABLE 1. —Kracliou nf anion rarirtirs to ifrlloir dwarf virus and In fhrrr <dhrr 
isolafrs from shallot, (farli(\ and narcissus 


Previous reaction^ No. plants infected** n itli 
to .yellow-dwaj f vims strain from : 


Vari(‘ty 

Belts 

ville 

JoAva 

Yeb 

loAV- 

dAvarf 

Shal 

lot 

Garlic 

\ar 

cissus 

Austrjilian Brown 

S 

s 

in 

in 

7 

(» 

Brigham Yellow (Bohe 

s 


in 

1.(1 

in 

1(1 

(■alifornia Early Bed 

s 


7 

10 

1 

(> 

Creole ... 

s 

s 


1(1 

;i 

o 

Early Yellow (ilobe 

s 

,, 

K* 

1(1 

s 

9 

Ehene7.er 

s 

r 

in 

1(1 

9 

1(1 

Ciolden Clobe 

s 


K* 

in 

1(1 

p 

Italian Bed 



s 

1(1 

in 

p 

Michigan Yellow (Ilobe 

s 

S 

in 

in 

s 

9 

Bed WetlM^rafield 

s 

S 

1(1 

1(1 

4 

P 

Southport Bed Clobe 

s 


in 

1(1 

n 

.S 

South]U)rt White (ilobe 

s 


in 

in 

p 

n 

Stockton V’ellow (Bobe 

s 


7 

1(1 

4 

4 

Whit<‘ Portugal 

s 


l.n 

1(1 

s 

H 

Yellow (Bobe J)anv('rs 

s 

S 

• in 

in 

() 

<) 

Yellow (Bobe Danvers 

s 

s 

in 

in 

in 

p 

Crystal Clrano 

T or S 


in 

1(1 

s 

4 

Early Yellow Babosa 



n 

in 

n 

n 

White Babosa 



n 

in 

n 

n 

rtah Sw(‘et Spanish 

1 

( IBmt 

n 

p 

n 

n 

White Swta't Sj)aiiish'‘ 

1 

side 

«> 

1(1 

.1 

n 

Yellow Sweet Spanish (104.^ seed)*’ 

1 

Sweet 


in 

A 

7 

Yellow Sweet Spanish (194;i seed;*’ 

T 

Sjtaiii.sli. 

7 

in 

>> 

•j 

Yellow SAveet Si)aniHli (1944 seed) 

1 


(1 

P 

n 

n 

Crystal Wax 

1 

S 

n 

1(1 

n 

n 

Lord lIow<‘ Lsland 

1 


n 

1(1 

n 

n 

San .I(N4(pjiii 

1 


n 

in 

(1 

n 

Yellow Bermuda 


( Berimida 

n 

in 

0 

n 



Bed.S; 





Amphidipltdd var. Beltsville 

I 


n 

(m 

n 

n 

Nebuka 

1 

T 

n 

(I'l 

n 

n 


a S ■- SusceptiMe, I - liiinjune. 

** In each case 10 plants were inoculated, 
c Strain mixturi* in seed lot. 

Subiuoculalions also negative. 

The result of ijUMUilatins tlie four viruses into 27 varieties of onions and 
three dnplieate lots is shown in table 1. It is evident that 10 of the 30 
lot!, showed innminity to typical yellow-dwarf virus, and that all lots showing 
immunity to this also proved immune to the milder viru.ses from <rarlie and 
narcissus. In .stronjr contrast, the .shallot isolate infected all typical onion 
varieties exposed, and only Nebuka {AUluut futtuJrmm L.) and an ainphi- 
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(lipJoid (A, jistulosum a A. vcpu) proved jninuuie to this virus. Nebuka is 
a iionbidbin;; s|)eeies, used extensively iji the Orient as a j^reeu onion. The 
aiiiphidiploid tested here was from a hybrid of Nebuka by White Portug:al 
onion, produced by H. A. Jones and associates, and about to be introduced 
as a j^reeii bunehinjr onion under the varietal name Bellsville. 

Henderson (4) reported only Riverside Sweet Spanish immune from 
yellow-dwart amon^ 36 onion varieties tested iji Iowa, but also listed Nebuka 
as immune, not rejfardinfr tliis as an onion. Onion varieties have chanjred 
durinf*: the interveninj*: 10 years, so that comparatively few of those listed 
by Henderson are included in our trials. Henderson lists Crystal White 
Wax and Rermuda Red as susceptible to yellow-dwarf. Crystal Wax and 
Yellow Hermuda as now <*arrie(l by II. A. Jones have proved uniformly 
immune trom this virus iii our tests. It is not reasonable lo assume that the 
Iowa outbreak was of the shallot type, for this strain readily infects all 
Sweet »Sj>anish onions we have tested. Additional varieties susceptible to 
yellow-dwarf in Henderson's li.st ami also in other trials at the Plant In¬ 
dustry Station, Jhdtsvilhs Maryland, are Bottle onion (= Scott County 
Clobe), Mountain Danvers, Potato onion, and Southport Yellow Globe. 
The White Persian variety, not tested in Iowa, i>roved susceptible in our 
trials. 

Several discrepancies ap])ear in our own data tor the Grano and Sweet 
Spanish varieties. In tabh* 1 (hystal Grano apj>ears fully susceptible to 
yellow-dwarf, and tin' relat(‘d Babosa varieties immune. In ])revious trials 
two l(»ts of Early Grano and (nie of Crystal Grains ^*ave immune reactions, 
but one of’ Crystal (irano yielded 54 per ('(Uit susee])tible, with the remainder 
insusceptible aTter tive inoculati(ms. 

Sweet Spanish varieties have j>roved uniformly immune from yellow- 
dwai-f in 18 j)revious trials, and Ctab Sweet S])anish withstood repeated 
inoculation in a |)arallel exfH'riment (1). Jn the pn^sent series (Table 1) 
one lot of Yellow Sweet S|)anisli and one of White Sweet Spanish yielded 
suseeptibles, not only to the common yellow-dwarf virus but also to the 
milder viruses fi'om <»-arlii* and narcissus. This Yellow Sweet Spanish from 
1943 seed Avas re])lanted in February to»»ether with 1944 st*ed of this variety 
and s«‘ed of Ftah Sweet Sjiauish for comparison. In this second trial of 
Yellow Sweet Spanish fnan 1943 seed, susceidibles ajxain appeared, while 
the 1944 seed lot of this variety and the Ctali variety yielded only immunes. 
The 1943 seed lot jiave rise to nonjilossy individuals as well as lo semi^lossy 
])lants cliaracteristii' of Sweet Spanish types. It is therefore considered 
that this Yellow Sweet Spanish was a strain mixtin-e not characteristic of 
the vai-iety. A similar mixture may also b<* assumed to have been present 
in the White Sweet Spanish lot listed in table 1. 

Tnasimich as commercial onion varieties are thus found to vary in reac¬ 
tion it is ])referable t(» state that lines immune from yellow-dwarf have been 
found to occur in tlie Spanish-type varieties Burrells Sweet Spanish, Colo¬ 
rado No. 6, Utah Sweet Spanish, White Sweet Spanish, and Yellow Sweet 
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Spanish, and also iji Crystal (trano, Early (Irano, Early Yellow Babosa, 
White Babosa, Crystal Wax, Lord Howe Island, San Joaquin, and Yellow 
Bermuda. It should be emphasized that all these lines that have been tested 
have proved susceptible to the shallot virus, ojily Nebuka and the Nebuka 
X White Portujral amphidiploid variety Beltsville provin*^ immune to the 
latter. 

A study oi‘ tlie inheritance of immunity from yellow-dwarf, carried on 
throii*?!! three seasons, has failed to provide a satisfactory jrenetic interpre¬ 
tation. It seems certain that immunity from typieal yellow-dwarf could be 
incorporated into all onion varieties, but it is hijrhly unlikely that the 
inheritance of immunity will j>rove sinqde enoujrh to ])ermit the breeder 
to proceed without repeated testing for yellow-dwarf !*eaction in successive 
progenies. Extensive series of siibinoculations from inoculated plants in 
these studies indicate that symptom exf)ression is reliable in ail varieties 
provided that they are maiiitained in active vegetative growth. 

It should be stat(Hl that shallots are grown commercially in the United 
States only in Louisiana. If these plants are brought into commercial onion 
districts for horticultural or genetic studies, it would he wise to start them 
from seed, in order to avoid the danger oT extending the range of the 
shallot virus. 

SUM iU ARY 

Twenty-seven varieties of onions were mechanically inoculated with 
onion-yellow-dwarf virus and with related isolates from shallot, garlic, and 
narcissus. Ten variety samples proved immune from yellow-dwarf and also 
to the isolates I'rom garlic and Jiarcissus, whih* 17 Aari(‘ties Mere susceptil)le 
to these three viruses. 

All but Nebuka (Allium pslulosum) and an amj)hidip]oid, Nebuka 
White Portugal, ])roved sus<*eptible to the shallot virus. These two green- 
bunching types are inunune to all four viruses under te.st. 

All four viruses were transmissible by Mifzus i)crslv(n. 
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INFLUENCE OF NITROGEN NUTRITION ON SUSCEPTIBILITY 
OF ONIONS TO YELLOW-DWARF VIRUS 

r If I L I 1* IJ K 1 K R L >: Y 1 A X D N E I L W . S T U A R T a 


(Accepted for publication December 5, 1945) 


Ill testiiif*: onion (AHmm ccpa L.) varieties and hybrids for reaction to 
onioii-yellow-dwarf virus" ^ (- Allium virus 1 K. M. Smith - Marmor 

ccpac Holmes) it was noted that low infection \\*as associated with low 
nitrogen level in certain jxitting soils. In the season of 1944-45 a test of 
this apparent relation was made by growing 4 varieties of onions at high 
and low nitrogen levels in subirrigated benches filled with Haydite. 

Vancfirs. Seed of 4 commercial varieties was furnished by H. A. Jones. 
Ebenezer was selected as a representative of the highly susceptible class, 
and Utah Sweet Spanisli as an immune variety. Two varieties, Creole and 
Sto(*kton Yellow tilobe, were chosen as apparently resistant to but not 
immune from this virus, on the basis of previous testing in soil culture. 

Source of virus. Onion-yellow-dwarf virus was isolated from naturally 
infeide^d Multiplier onion (Allium ccpa var. solatiium Alef.) from West Vir¬ 
ginia in Man'll, 1943, and subcultured in Ebenezer. All inoculations were 
made by tlie carborundum-leaf-rubbing method, which has proved highly 
efficient for transler of this virus under favorable test conditions. 

Exp(r\m( nial ilcsifiu. Eight of nine cement bench sections, each 8 feet 
by 57 inches by 7 inches were filled with “IV grade Haydite, and the ninth 
with a good soil mixtun*, coiii])osed of 2 parts composted soil, 2 parts sand, 

1 part manure, and 1 pai-t muck. Seeds of 3 varieties were sown August 
1(), 1944, directly in these benches. Seeds of the fourth variety. Creole, 
wen* sown on the same date in thumb ]>ots of the same two media, and shaded 

2 hours daily with black sateen cloth until September 21 to avoid premature 
bulbing likely to occur in this variety under long-day illumination. The 
Creole i)lants wen* transplanted into the assigned bcjicii se<‘tions on Sep¬ 
tember 26. Four rejilications of high nitrogen level and 4 of low nitrogen 
level were randoniizetl among the 8 Haydite-filled bem'h sections. In each 
(»f these 8 plots and the one soil ]>lot 3 rows of each of the 4 onion varieties 
were grown, with plant counts pt*r variety |)lot ranging from 37 to 64. 
The total number of onions in the experiment was 2,033, with a mean of 
56.5 plants per variety plot. 

All plants were watered from the top until August 30. At this date one- 
half the final nutrient level was supplied to each Haydite plot by pumping 
from the tanks twice daily. 



epidemic on onions, 
* Smith, K. M. 
•'> Holmes, F. O. 


Phytopnth. — 

A text book of jihmt virus disenses. 615 pp. London. 1937. 
H.nndbook of ph.vtopatbogeiiic viruses. 2121 pp. Minneapolis. 19.3y. 
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Ea(*li tank had a volume of 198 liters of solutioji. On September 27, 
solutions were ehanjred «nd fu1l-stren«>:tli nutrient levels were then main¬ 
tained. Solutions were eomj)letely renewed at intervals of 4 weeks. At 
weekly intervals the niti'ate content and ammonia nitrofren content were 
determined and restored to j)revioiis levels. Nitrate was determined by tJie 
pheiioldisulphonic acid method usiii<r an Amineo Tyj>e F photometer. 
Ammonia was measured in the same instrument after nesslerization. 



» <»t' Jrrowth of oiiioiiH in Hnvditc iMiltiire TVcomIx'r r>, PMl* 

A at low ^ level (.. pinn.) ; B at high N level (fiO j.i.m.). -Note that growth is normal at 
the low lovcL hut much more vijrorons at the hi^dier level of i)itrof((‘n. 

Tlip low ^ iiutriont solution contained the lollowing niilliinohvular oon- 
eeutrhtions of six nutrient salts: 0.18 C» (NO,)^ -4 II^O [5 ppm N and 7 2 
ppin. Caj, 0.036 (NH..).SO. |1 ).pm. N], 0.75 K,SO, (58.6 ppm. KJ*! 
.1.62 CaCIa • 2 HjO (64.8 ppm. Ca|, 1.0 MgSO. ■ 7 H/) (24.3 ppm. Mgji 
and l.OKH.POs (31 ppm. P and 39.1 ppm. K|. The high N nutrient solu¬ 
tion differed in that it contained 10 times as much ('a(N(),)„ 4 H.O and 
(NH 4 ),S 04 but contained no CaCI, • 2 11,0. Botli low and high N .solii- 
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tioiis also (contained 2 of Ft*, 1.5 of Mil, 0.5 of B, 0.15 of Zii, 0.06 of 
(Ju, and 1 i‘(*. per liter of approximately 0.1 X IDSO^. 

The hijjrh nitrofreii level was ehosen as favorable for vijrorons vej^etative 
jrrowth of onions on the basis of previous studies of oiiioii-secd. produetion 
in Haydite culture. TIk* low nitrojren level was chosen arbitrarily at one- 
tenth the hi»rh level, provitlin<r a solution capable of supporting less succu¬ 
lent but still fairly uoriual jrrowth without extreme symptoms of nitrofren 
deficiency (Fijx. 1). Durinj^ tlie weekly int(*rvals betwc*en analysis and 
restoration of solution levels, all the ammonia nitrofren was commonly ab¬ 
sorbed or oxidized at both levels. The nitrate nitroj^eii sometimes drop¬ 
ped as low as 25 to 20 ppm. at the hijiher level and 2 to 3 ppm. at the lower 
level, but the pro|)ort ioiial relation of 10 to 1 remained nearly constant. 

Rf’snlts. All ])lants were inoculate<l with a uniform preparation of 
yellow-dwarf-virus extract on October 24, and a^aiu on November 14. First 
symptoms were re<*o‘rnize(l in Ebenezer, Creole, and Stockton Yellow Globe 


'rAlJJjE 1 .—KffrvI Iff luf/li (uhI fair nUrofjftn h n ls in Jlaifdifr ciiltnrr (in nnsrepti- 
hititif (if onidtis to dtrnrf^ f'jprt.ss(‘(l os pi r('t'nlo(f( infcctifin. Means of 4 replicates 

compari'd with soil cult nr* not plwoted 




11 ay din 

* culture 


Soil culture 

Vjiricty 

Tlijrl, X. 

l)c<‘. 7i 
(('ol. 1 1 

Low X, 

1 kM*. r» 
(Col. 2) 

Mi'aiis of 
column,s 

J and 2 

Low X to 
Doc. r>, 
TTifrll X 
to dan. d 

Dec. 5 

Elieiiozcr 

at*.: 

sa.;} 

o;i.(>' 

87.0" 

96.9 

Stofkton Yellow (JIoIm' 

41 x> 



27.7 

40.0 

< ‘rcolo 

4(1.2 

17.0 

20.(» 

25.0 

80.0 

Mean of v.'irs. 

(in.4»' 

41.0 

7 ) 0.0 

47.0 

56.5 

rt.'iU S\M*ct Spjoiisli 

O.U 

o.a 

0.0 


0.0 


“ DifFtTs V (odtls : 1 ) t'nuii iiu’ans of otlior vai’iotios. 

•' liiffcrs fv ; 1 ) fnuu inoaiis of oilier tn*atnu'iitR. 

at the liijih X level and in soil on Nov(*niber 3, and at the low N level on 
November 7. On December 5 all n*cojrnizably diseased iilaiiTs were removed 
from tin* b(*ds and scored. The mean percentage infection for varieties 
and X lev(‘ls is shown in table 1. 

Variance analysis of the data for jiercentajre infection (Table 1, (kdnmns 
1 and 2) on December 5 slmws ditferem'(‘s in yellow dwarf expression at the 
I per cent h*vel between varieti(‘s and between X levels, but no significant 
interact ion. Hijxhei* |)en'enta<»es of infection at the hijili X level than at the 
low level art* sijrnificant within the resistant varit'ties Stockton Yellow Globe 
and Creolt*; differences are smaller ami nonsijLiiiificant within the susce])tibl6 
varit*ly Ebenezer. Tin* mean differences between the susceptible Ebenezer 
and the i*(*sistant \'ai*ieties, Stockton ^ elh>w (dobe and ( reole. aie ^ely 
hijrhB' sijifnifi(*aut, but there is m^ sifrnihcant difierence between the twi'o 
r<*sistant varieties. The plot ol ^oo<l soil t*losely approached the hip^h X 
level yilots in ])erformam'e. The immune Utah Sweet Spanish was unaffected 
at t*ither level of X. It is concluded that low X levels may sifrnifieantly 
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liamper expression of yellow dwarf, tLat this is more likely to be 

enooiiiitered in varieties having? a teiiileney inereJy to I'esist infection, but 
that nutrition levels show no tendency to break down immunity. 

At this point it seemed of interest to determine whether the low infection 
observed at low N level represented an actually lower per(*entafre infection 
or merely a failure to express symptoms. Aceordincrly, the low N level 
plots were raised to hijrli N level on December 3, and so maintained without 
further inoculation until January 3. Durinfj; this month at hif?h N level 
36 additional plants in those formerly low N level plots showed infection, 
a. mean f^ain of 5.5 zt 2.03 per cent per variety jilot, showinjif that additional 
plants previously infected were able to exi)ress symptoms at the hijrh N 
level. 

Variance analysis of the data for infection in low N plots Januai*y 3, 
one month after these were raised to liifrh X level, in comparison with the 
December 5 data for high N level (Table 1. Column 1 vs. Column 4) shows 
the same general difterem^es as the first analysis. Therefore a real differeiu'c 
is found between varieties and between.N levels with respect to total infec¬ 
tion, including infectioiis that were iu»t yet <‘vident on December 5 at the 
low N level. Differences due to N level and to vari(*ty are thus liiglily sig- 
]iificant with respect to perc^entage infection as well as to expression of 
symptoms. 

The retarding or j)reventive effect of low N level is gn^atest, and highly 
significant, with respecd to infection, but small and nonsignificant with 
respect to delay of expression (Table 1, (^)lumn 2 vs. Column 4). Admit¬ 
tedly, it was not determined wlietlu^r further ex])ression would have o('- 
CAirred in an additional month at low N level, or whether further expivssion 
would have occurred in the higii N level plots without further inoculation, 
])Ut such refinements could not have alt(»red the conclusion that low N level 
depresses infection. 

In commercial cultui*e of onions, nitrogen will not often fall low einmgh 
to affect infection with yellow tiwarf. However, in experimental ]>ot cul¬ 
ture ill soil, nitrogen may become limiting and lead to low infection and 
expression. It is important, therefore, to jnaintain satisfactory X levels 
in such cnltures when studying yellow dwarl effects. 

RESISTANCK TO ONION YKLLOW DWARF 

Immunity to yellow dwarf in som<‘ Sweet Spanish varieties lias long been 
known'’’ but the resistance of Creoh» and Stockton Yellow Globe has not been 
noted previously. Resistance is of minor interest to the breeder of new 
types wlien immunity is available, except tliat it may act as a confusing 
factor in interpreting inheritance of immunity. Tlie present experiment 
piovides evidence that these resistant onions differ sharply in response to 
yellow dwarf inoculation from Die highly susceptible Elxmezer and also 
from the immune Utah Sweet Spanish. 

® Henderson, J. Yellow dwjivt, virus disouHc of onions, ninl its (*onti’o] lowji 
Agr. Exp. Stat. !l^8. Bui. 388. 1935. 
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It was considered desirable to determine wliether a resistant variety is 
{genetically uniform, so that all individuals are capable of infection, or 
whether evidence of sej^rej^ation for immunity (*ouhl be found. Accordingly 
all varieties in high N level ])lots were continued, and plants in the soil plot 
were transi)lanted to these on December 5 to increase the size of samples. 
These plots were maintained at high N level until elune and inoculated 17 
times in all, at intervals \^^ to April 17, when bulbing and flowering ten¬ 
dencies made further inoculations unf)rofitable. The cumulative percent¬ 
ages of infection recorded at intervals are shown in table 2. 

TABJjK 2. ^Cumulative prrecntogv of yrllow dwarf inf ration in 4 varictiefi of onions 
prown at hipli \ level in IJayditr, resultinp from 17 sueeessiiw inoculations between 
Octoher lS4 and April 17 


Original (Simulative ]»ereentage infection 



of 

plant K 

Xov. 

14 

Dec. 

5 

Jan. 

23 

Veh. 

27 

Mar. 

27 

Apr. 

17 

Mav 

15 

J lino 
11 

Khenezor 

299 

94.a 

99.0 

100.0 






Stockton YclRiw (Uoho 

2(51 


41.4 

70.a 

«0.1 

88.1 

92.3 

92.7 

93.1 

Uroole 

29tj 

1S.2 

ai.s 

5S.4 

08.0 

79.7 

83.8 

83.8 

83.8 

Utah Swc<‘t Spanish 

2Ht> 

0.0 

0.0 

O.O 

0.0 

0.0 

0.0 

0.0 

0.0 


The susceptible Ebenezer develops a high percentage infection promptly 
and th(» few escapes soon suc<*umb to further inoculation. In the resistant 
Stockton Yellow (llobe and Creole varieties 20 to 30 i)er cent are infected 
early, and the (*sca])es gradually are infeeded in small rather uniform 
increments over st'veral months ajid many exposures. It was not feasible 
in this .study to demonstrate that all individuals of the Stockton Yellow 
(.llobe and ("reole vaiieties aiv susce|>tible, but this seems more probable 
than that they .show segregation f<»r immunity. 

It is also of interest to note that then* was no breakdown of immunity 
in rtah Sweet Spanish at favorable high nitrogen level and under repeated 
t‘xposure. 

si:m.mary 

Four varietit‘s of onions grown at high (60 ppm.) and low (6 ppm.) 
w(H‘kly initial X levels in Haydite were inoculated with onion-yellow-dwarf 
virus. Koth tin* percentage expression of symptoms and the percentage 
atdiial infection were lower at the lower N Uwel, both differences being 
highly .significant. 

Immunity of the Utah Sweet Spanish variety was unaffected by repeated 
inoculation at a high X l(*vel t^at enhanced iniectioii in both susceptible 
and resistant varietii^s. Two varietic^s. Creole and Stockton Yellow Globe, 
showed resi.staiK'e to infection distinct from the immunit\ of Utah Sueet 
Spanish. 

Plant Industry Station, 

Beltsville, Maryland. 



THE RELATION OF SOIL TEMPERATURE TO THE DEVELOP¬ 
MENT OF ARMILLARIA ROOT ROT’ 

Donald E . Bliss 

for publiciitioii December 7, 3945) 

Soil temperature is one of the important eonditioniiijr factors in the 
development of root diseases. Much of the literature on this subject has 
been summarized by Jones rf al. (7). and, more recently, by Garrett (b). 
The relation of soil environment to the development of Annillaria nM rot 
has, however, received little attention, thoiijrh tiu* causal affont, AnniUaria 
melUa (Vahl) Quel., has been known for many years and the disease is of 
considerable economic importan(M\ A series of expei*iments was undertaken 
to determine, if possible, the effect of soil temperatures on the jrrowtli of 
certain economic and ornamental species of plants, and on the deviJopment 
of Armillaria root rot on these plants. 

The effects of soil temperature on^])lant j::rowth are best studied under 
controlled conditions free from tJie diurnal and seasonal flm-tuations of tem¬ 
perature characteristic of the natural soil environment. Modern thermo¬ 
statically controlled eipiipment provides a ])ractical means of obtainiim* 
nearly constant temperatures in soil for extendt‘d |>eriods and over a com¬ 
paratively wide range. The I'esults of such experiments help to explain the 
geographic distribution of the di.sease and its s(»asonal dt'velopnient. Al¬ 
though the temperature <»f soil in nature cannot usually be <*outroIled, 
exploratory studies of this kind serve as a guide in formulating effective 
control measures. Hoim* of the cardinal findings of the first of the experi¬ 
ments have been given in a brief preliminary repm’t (l i. A (*om|>lete. more 
detailed report is ])reseuted here. 

AiATEKIALS axd .METiions 

The effect of soil temperature on ])lant growth, and disease develotiment 
was studied in the gri^enhoiisf* In means of fivi* soil-temperature tanks (2, see 
fig. 22, p. 61), in wliiidi water batlis A\ere maintaimul at controlled tempera¬ 
tures. )Seedlings or cuttings were grown in liglit sandy loam in metal (‘on- 
tainers, or pots, 8 inches in diameter and 12 inches tall, without holes for 
drainage. These metal pots were in.serled through holes in tin* tank lids and 
submerged to a depth of 8.5 inches in the water baths. There were 8 metal 
pots in each soil-temperature tank. 

Nine species of plants were used: Koethen and Homosassa swe(*t orangv 
{(Ulrns siiiC7Lsis | L.] Osbeck), Standard soui’ orange (U. uHninliinn ]j.), 

’ Peper No. 530, University of California Pilrus Expcriiiioiit Station Biverside, 
California. 

2 Aasociato Plant Pathologist in the ExporimiMit Station. Tho writor is indobtod to 
H. S. Fawcett and A. B. ( \ Tlaas f<ir helpful advir-e; to L. C. (\K*hran, A. S Uhoads and 
J. M. Wallace for jdaiit materials; and to Uobert O. Biv.-nn, Xowton Noblo, (\-nl Mooiv 
Kobert J. Drake, George Joffrov, Elizabeth Parker, Poarl (Jolding, D. G Masters L l’ 
Huillicr, and Carol McFarland for assistance in iho labmatorv and givciiluMisc. ’ 
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Sampson tangelo (hybrid of C. paradisi Macf. and C, reticulata Blanco), 
California pepper tree (Schinits molle L.), casuarina (Casuarina stricta 
Lovell peach {Prunus peraica Sieb. and Zucc.), Royal apricot (P. 
armeniava L.), geranium {Pelargonium hortorum Bailey), and Ragged 
Robin rose (Rosa sp., var. Gloire des Rosomanes). 

The citrus seedlings of experiments 1 and 6 (Table 1) were transplanted 
to small pots after one year in the seedbed, and were later transferred to the 
metal containers for the soil-temperature tanks. Stratified seeds of Lovell 
peach and of Royal apriciot (experiment 2) were germinated in flats and 
transplanted to the metal pots. After one yearns growth under uniform 

TABLK 1. Tcmpcratvrrs of air and of water haths in greenhouse soil-temperature- 
iaiik irperiments with Armillaria root rot 



Number, 

Air tern- 







Plants in 


>K*jriiining 
(lute, and 

]>erature 

v\ ater-nath temperature 


each tank 


in gro(ui- 






Suscept 

inocu¬ 

lated 



length of 
(‘X])erinient 

house, 

rang(3 

Tank 

J 

Tank 

II 

Tank Tank 
III IV 

Tank 

V 

Inocu¬ 

lated 




r. 

"C. 


■'C. 

°C. 


Xo. 

Xo, 

1, 

Nov. 3, 1038; 


10 

17 

24 

31 

38 

Koetlnm sweet 

3 

9 


4;i8 days 







orange 

Standard sour 

3 

9 









orange 



>> 

.I.MU. lo, 194(1; 

21.0-27.0 

10 

17 

21 

31 

38 

Lovell peach 

3 

9 


218 days 







Royal apricot 

3 

3 









(T(*ranium 

3 

3 


Mar. 31, 1941; 

20.0-‘J7.8 

10 

1.3 

20 

2.3 

30 

California 

6 

14 


24(» (lass 







pej>per tree 



4. 

Nov. 27/1911; 

21.0-24.4 

s 

i;; 


23 

28 

Ragged Robin 


0 


ISl da vs 







ros(3 



5. 

Sold. .14/ 1942; 

l(i.7-2().7 

< 

12 

17 

oo 

27 

Casuarina 

4 

0 


!124 da\s 










0. 

Sept. 22, 1943; 

10.1-2.3.9 


12 

17 

»-»o 

27 

TTomosassa 

o 

0 


.’IS.”) <l;ivs sw(M*torange 

Sampson 2 6 

tangelo 


condilions, these plants were placed in cold storage for one month, before 
tlie bofrinniiifr oi' Hit* soil-tt*inp(*ratiue experiment, to induce dormancy. The 
frcj-aniiiins (experiment 2) and Bajrjjed Robin roses (experiment 4) were 
grown from cuttings. Seedlings of California pepper tree (experiment 3) 
and of casuarina (experiment 5) were first transplanted from flats to small 
pots and thence to the metal containers for the temperature tanks. 

Each metal pot contained 1 to 3 plants, and weighed amounts of air-dried 
potting soil and water. When prepared, all containers in any one experi¬ 
ment had the same total weight and nearly uniform soil-moisture percent¬ 
ages. The soil was irrigated with distilled water to avoid excessive accumu¬ 
lation of salts. The soil-raoistiire content was maintained within the range 
between wilting percentage and field capacity by adding water at 2- to 7-day 
intervals to raise the total weight of each pot to a certain predetermined 
level. Small amounts of calcium nitrate or ammonium sulphate were applied 
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uniformly to all pots in any one experiment to maintain an adequate nitro¬ 
gen supply. All plants \^ero grown at first on a beneh in the greenhouse 
under similar environmental conditions, before the beginning of the difPer- 
ential soil-temperature treatments. The plants were generally vigorous and 
reasonably uniform in size at the beginning of eacjh experiment. 

Temperature ConfroL 

TJie water in the five soil-temperature tanks was heated by electric soil¬ 
heating cable; that in three tanks was also cooled by means of electric re¬ 
frigeration and circulated b 3 " means of pumps. After the plants had become 
established, the metal containers in which thoA" were growing were inserted 
through the holes in the tank lids and partially submerged in the water 
baths. Except in exj)eriment 1, a 2-inch la\’er of drj^, granulated peat moss 
or cork was spread over the soil of each container for insulation immediately 
after inoculation. The soil at the surface, though reasonabl.v well pro¬ 
tected, was affected somewhat bv the air temperature, especialh' if the tem¬ 
perature gradient was large. Differences u]) to 2^’ C. were noted between 
temperatures of tJie water baths and of Koil in the surface-inch of subm(*rged 
pots. 

The temperatures of the air and of the wat(*r baths w’ere recorded (‘ach 
day at 8 : 30 a.m., and at 1 :00 and 5 ; 00 ]>.ni.. to check the accuracy of tem¬ 
perature control. B.y means of thermostatically controlled steam coils and 
a desert cooler, the air temperatures of tin* greenhouse w^ere maintain(‘d 
most]\^ between 21° and 27° C. The greenhouse was coverenl in sumniei* 
with a coat of white paint to lower the air temperature and reduce radiation. 
The temperatures of the water baths ranged mostly within 0.5° of tin* 
desired levels. Weekly mean temperatures ot' the air were calculated from 
thermograph charts by means of a polar planirneter (4. j). 56). Mean tem¬ 
peratures for each water bath were obtained by averaging 17 to 21 readings 
per w’eek. With tVnv (•xce])tions, the perfornunice of the control mechanism 
was satisfactory. Tlie weekly mean temperatures of the water baths showed 
comparativeh' small ranges, the minus variation being ju^ver more than 0.9 ’ 
and the plus variation being from 0.1° to 2.5°. 

Inoculatiou 

Stock culture B-508 of AnntIJaria mdUa Avas used in the preparation 
of all inoculum for experijnents 1 to 5, inclusive. This culture had Imm 
isolated October 22, 1937, from the sour-orange rootstock of a mature Va¬ 
lencia-orange tree near Azusa, California. Two strains of A, mrllea Avore 
used in experiment 6: culttire B-700, a reisolate of B-508, and culture 
B-701, a reisolatc of B-677, which 1j:kI been isolated July 3, 1941, from a 
peach root collected at Hamlet, North Carolina, and sent to me through the 
courtesA" of Dr. J. S. Cooley. 

Segments of citrus roots or pei)per-tree stems, 1 to 2 indies in diameter 
and 7 inches long, were used in the preparation of the inoculum. The seg- 
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mcnts were sterilized in an antoelave, inoculated with Armillaria, and incu¬ 
bated at 20° C. until thorouj^hly invaded by mycelium and covered with the 
pscudosclerotium of the fun^ms. The segments were then inserted singly in 
the pots, in vertical holes made in the soil with a soil tube. Inoculation was 
done with the least possible disturbance of the soil or injury to the roots. 
Control plants were treated in the same manner but with sterilized root seg¬ 
ments. The sterile segments used in the control pots in experiments 2, 3, 
and 4, had been previously inoculated with the pathogen. The inoculations, 
which were made a few’ days after the beginning of the differential tempera¬ 
ture treatments, marked the beginning of the experiments (Table 1). 

REST’LTS 

Effect of Soil Trill jurat tin on the N aninoculaied Suscepts 

In experiment 1, the growth of Koetheii-sw^et-orange and Staiidard-sour- 
orange seedlings was greatly retarded at 10° C., and the new^ leaves w-ere 
small and very (fhlorotic. Greatest top growth occurred at 31°, and the 
roots grew^ most rapidly at 17° to 31'. In experiment 6, all Homosassa- 
sw'eet-orange seedlings and Sampson-tangelo seedlings died at 7°; those at 
12"' \ver(‘ chlorotii* and subnormal. Root development w^as similar to that 
of the tops, 12° being near the critical tem])eratnre for growth, and 17° to 
27° being a favorable range. The mean dry weight of the tops was greatest 
at 27°. 

All Lovell-peach seedlings. Royal-apricot seedlings, and geranium cut¬ 
tings in ex])eriment 2 died at a soil temperature of 38° C. Top grow’th of 
the j)eac}ies was greatest at 31° and least at 10°; root growth was greatest 
at 10° and 17°, however, and least at 31°. The apricots also developed the 
largest tops at 31° and the smallest at 10°, but root growth was greatest at 
17° and least at 10°. The largest geraniums, including both tops and roots, 
developed at 17°, though the plants at 10" were nearly as large; the smallest 
living plants develo]>ed at 31 . 

Exi)eriinent 3, with seedlings of California pepper tree, involved two 
different levels of soil moisture. Definite amounts of W’ater and air-dried 
soil were mixed together when the seedlings W’ere potted, so that soil in the 
so-called “dry’’ s(‘ries contained 6.5 per cent moisture, and that in the “wet'’ 
series, 17.7 per cent, on a dry-weight basis. A uniform distribution of mois¬ 
ture w’as not maintained in the “dry” series, liowever, because the small 
amounts of water applied to tlie surface at frecpient intervals w’ere retained 
in the upper two-thirds of the soil mass, and moisture in the bottom W’as 
probably reduced to the wdltiiig range. This situation adversely affected the 
growth of the tops and the weiglit of the roots. A soil temperature of 10° C. 
retarded top grow th, but the increments in terminal growdh and in diameter 
of stem w’cre greatest, and ol similar magnitude, from 15 to 30 . The root 
systems were relatively small at 10° and at 30°; they were larger at inter¬ 
mediate levels, and w’ere at their optimum at 15 . 

In experiment 4, with rooted cuttings of Ragged Robin roses, there was 
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a definite trend in vey^ctative growth of the tops, from weakest growth, at 
8® C., to strongest, at 28°. The largest number of feeder roots occurred 
at 23°. The terminal growth rate of easuarina seedlings (experiment 5) 
was greatly retarded at 7° and most rapid at 27°. Root development seemed 
best at 12° and 17°; at 27° it was comparatively slight. 

Effect of Temperature on the Pathogen 

The relation of temperature to the development of rhizomorphs of Armil- 
laria mellecP was studied in the laboratory by growing the pathogen on 2 per 
cent potato-dextrose agar in large test tubes (Fig. 1). Twenty-one tnbes 



Fto 1. Effect of teniyieraturc on the dev<*lopment of rhizomorplis of ArmiJlaria 
mellea in 2 jier cent potiito dextrose a(fnr. IneiilMited 11 davs at tlie foUo\viii({ teinnera- 
tnres: A, 10°; E, 14.6“; C, 19.7 ]), 24^; E, 27.4“; F, 36“ C. 


containing younjr, wcll-c.stab1ishcd fuiijrus colonies were divided into seven 
groups of 3 each and incubated H days at 10°, 19.7°, 24", 27.4°, 31°, 

and 36° C., respectively. Judging from the relative size of tlie rhizomorphs 
and the rate at which they penetrated tlie media, the most J avorahle range 
of temperature was 19.7° to 24°. Rhizomorphs of norma] appearance, but 
retarded in growth rate, develofied also at 10°, 14.6°, and 27.4°. Very little 
growth occurred at 31°, and none at 36°. Reitsrna (8), in Holland, found 
that A. mellea in peptone nutrient solution produced greater dry weight 
at 25° C. than at 15° to 19°, or at 10°. 

In tlie inoculation experiments in the greenhouse, all containers except 
those of the controls were supplied with segments of freshly prepared roots 

3 Culture PB-41, isolated .lanuary 10, 193.j, from citrus. Orange County, California. 
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TABLE 2.— Kffcct of soil temperature on Armillaria root rot of citrus seeiUings, 
experiment 1 


Roil 

tctiipora- 

tiire 


°C. 

10 

17 

24 

31 

38 


Koethen sweet orange 


Standard sour orange 


Total Plants attacked Total Plants attacked 

plants - lilants —-;- 

tested Severely Slightly tested Severely Slightly 


No. No, No, 

9 4 0 

9 12 

9 0 2 

9 0 0 

9 0 0 


No, No, No, 

9 6 1 

9 3 4 

9 0 0 

9 0 0 

9 0 0 


or stems containing viable niycolium of Armillaria mellea. This inocnlum 
contained abundant food reserves—^probably more than enough to maintain 
viabilit}'' throughout the longest experiment (438 days). Some pieces of 
inoculum in the “dry series of experiment 3 may have lost viability because 
of undue drying, but for the most part, viability was lost only at soil tem- 
j)ei-atures of 30° C.. and above. Armillaria in all the experiments was viable 
ill inoculum after 181 to 438 days at temperatures of 7° to 28°, inclusive. 
The largest development of rhizomorphs, both in number and in length, 



Fjg 2. Boots of Koethen sweet orange, 
root rot which developed at 1: A, taproot; 
of dark fungus rhizomorphs to the lesions. 


experiment 1, showing lesions of Armillaria 
B, branched feeder root. Note attachment 
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occurred at the lowest temperatures, and the least development, at the high¬ 
est. This surprising tendency was observed in all tlie experiments. 

Effect of Soil Temperature on Paihogenesis 

None of the noninoculated plants in these experiments was infected with 
Armillaria root rot. Among the inoculated plants, infeiitioii was limited to 
those at soil temperatures in which the pathogen produced rhizomorphs. As 
demonstrated by Thomas (9), infection was initiated with the penetration 
by a branch of the ])arent rhizomorph directly through the sound, healthy 
periderm of the suscept. The method w<is similar in the different suscepts, 
regardless of their relative susceptibility. Citrus seedlings were considera- 

TABLE 3 .—Effect of soil tt mprrnfun on ArmilUiria root rot of Homosassa swet 
orange and Sampson-tangelo seedlings^ (.rperinu nt 6 




Ciiltiiro B-7 

00 


Culture B—701 


hOJl 







tempera- 

Total 

Plants attacked 

Total 

Plants attacked 

turc 

pJaiits 



plants 








tested 

Severely 

SI igh 

tested 

Severely 

Sliglilly 



T T umosa ssa sweet 

orange 



V, 

No. 

\n. 

A'.;. 

No. 

.Vo. 

A'o, 

7 

o 

0 

0 

4 

0 

1 

12 

o 

0 


4 

0 

o 

17 

o 

0 


2 

0 

2 

22 

(1 

0 

0 

4 

0 

0 

27 

o 

0 

0 

.4 

0 

0 




"C. 

A’o. 

A’o. 

Xi>. 

A’o. 

.Vo. 

.Vo. 

7 

4 

0 

1 

o 


0 

12 

4 

(1 

4 


0 

0 

17 

4 

0 

4 

.> 

0 

o 

22 

f) 

0 



0 

1 

27 

4 

0 

II 

2 

0 

0 


bly more resistant than the other plants that were tested. The citrus experi¬ 
ments. though comparatively long, were tenniuated before any plants liad 
died or liad shown marked secondary s\'mpto]ns of Armillaria root rot. The 
effect of temperature on j)athogenesis was therefore judged in citrus by the 
size and number of lesions produced 

In Koelhen-sweet-oranee seedlings, after 438 days, infection was com¬ 
paratively severe at 10"', moderate at 17'“', and slight at 24® C. (.Table 2). 
Necrotic lesions on both the taproots and the small feeder roots were marked 
by the attachment of dark fungus rhizomorj)hs (Fig. 2). The lesions were 
swollen and contained considerable amounts of gum and also the typical 
white fungus fans of Armillaria in the bark and cambium. The presence 
of mycelium in the roots Avas also demonstrated by tissue cultures. Seed¬ 
lings of Standard sour orange, under similar conditions, reacted much like 
those of sweet orange: the root rot was comparatively severe at 10® and 
moderate at 17® (Table 2). 
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In the citrus seedlinpfs of experiment 6, the ilisease developed at tempera¬ 
tures of 7° to 22° C., but most rapi<lly at 12'^ and 17°. Homosassa-sweet- 
01 ‘an^e seedliiij?s were not attacked at 22"", and were attacked only slightly 
at 7° (Table 3); but seedlings of Sampson tangeJo were infected at all tem¬ 
perature levels, from 7° to 22°, inclusive, and appeared somewhat more sus¬ 
ceptible than the sweet oi*aiige. The North Carolina strain of Armillaria 
(culture B-701) seemed to be nearly as pathogenic as the California strain 
(culture B-700) in this experiment, though in earlier, preliminary experi¬ 
ments wuth California pepper tree, poinsettia {Poinsettia puJcherrima Gra¬ 
ham), and Royal apricot, it had seemed less pathogenic. 

The relation of soil temperature to the development of Armillaria root 
rot was clearly demonstrated in experiment 2 (Table 4). Peaches, apricots, 
and geraniums, Ihree very susceptible species, were infected at 10° C., but 
the disease progri'ssed more rapidly at 17° and 24°, all the plants being 

TABLE 4 .—Effect of xoil temperature on Armillaria root rot of Lovell peacht Jtoyal 
apricot, and geranium, experiment ^ 


Soil 

T^ovcll peach" 


Royal apricot 


Geranium 


tem- 

Total 

Plants attacked 

Total 

Plants attacked 

Total 

Plants attacked 

pora- 

jtlsints 



plants 


plants 



tun? 






tested 

Severely Sliglitly 

tested 

Severely Slij;htly 

tested 

Severely 

Slightly 

C. 

Xo, 

No. 

No. 


Xo. A#>. 

A^o. 

.Vo. 

Xo. 

10 

9 

0 

4 

3 

1 1 

3 

o 

1 

17 

9 

9 

0 

3 

3 0 

3 

3 

0 

l’4 

9 

9 

0 

3 

3 0 

3 

3 

0 

31 

9 

0 

0 

3 

0 0 

3 

0 

0 

38 

9 

0 

0 

3 

0 0 

3 

0 

0 


a l)olayc<l foliation affoetod 1 plant at le , 5 plant'4 at 17^‘, and 3 plants at C. 

s«‘\t‘i-cly infoi-led :it tliose tem])eratiuvs, aiul most of them dying: during: the 
ex])oriiii<‘nt (Figs. :i and 4). The plants at 31° and 38° escaped infection 
boeanse the developiiient (d‘ rhizomorphs was inhibited. At 38°. the plants 
died from e.xeessive heat. 

liarge necrotic lesions developed in roots of both the peaches and the apri¬ 
cots, lliest* lesions containing the characteristic mycelial fans ol the i)athogen 
and exuding copins amoimts of gum (Fig. o'). Death occurred only when 
all roots wi'rt' infected and the lesions had girdled the stem. The toi)s of the 
geraniiinis wert* not killed so easily; these plants, because ot their succulent 
steins, remained alive even after the roots ami the basal portion of the stem 
had died from oflfects of the disea.se (Fig. 6^. A yellowish mottling, wilting, 
and necrosis of the. leaf blades was noted (Fig. 6, B) during infection, and 
the older leaves droiiped from the stems, leaving only a few of the younge.st 
leaves at the apex. Even when the stem had been invaded and killed for 
several iindies above tin* soil, the apical portion v\as ali\e aiul capable of 
generating a new root system. 

Seedlings of California peiiper tree, in experiment 3. had the following 
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numbers of infected plants 

(of 

the 

7 inoculated plants in 

each lot) at the 

various soil temperatures: 







Series . 

10° 


15^ 

20<^ 

25° 

30° C. 

‘‘Dry'' . 

o 


4 

4 

4 

0 

“Wet". 

5 


7 

6 

0 

0 


Soil temperatures of 15° to 25° C., iuelusive, were most favorable to the 
disease. Infection also occurred at 10°, but pathogenesis was slower. The 



Fig. 3. InocuLited Hmllings of Itovnl apricot, experiment 2, sliowiiipj llie cff«*ct f>t’ 
Armillaria root rot at different soil temperatures. A. Plants infected at 10^^ t\, hut 
injury moderate. P and C. Plants infected and dead at 17° and 24 ’, respectively. 1>. 
Largo noninfccted plants at 31". E. Plants not infected, but killed by excessive heat 
at 38«. 


plants at 30° were entirely healthy because growth of the pathogen had been 
inliibited. Secondary sj’mptoms appeared first at 20° in diseased i)lants of 
the “wet” series, 67 days after inoculation, and at 25° in those of the “dry” 
series, 136 days after inoculation. Most root-rot lesions in the “dry” series 
were near the soil surface because dryne.ss of the soil near the bottom of the 
containers had inhibited the growth of both roots and rhizomorphs. Soil 
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moisture, under these conditions, affected the rate of pathogenesis and also 
the percenta{?e of infected plants. The symptoms observed durinfr infection 
were rapid wilting and death following the complete girdling of the stem 
above the highest lateral root (Pig. 7). 

In experiment 4, with Ragged Robin roses, the periods from inoculation 
until development of the first visible l(*sions, at the varioiis temperatures, 
were as follows: 68 days at 18°, 77 days at 23°, 124 days at 13°, and 160 days 
at 8° C. Greatest injury from Armillaria root rot had occurred at 18°, 
when, after 181 days, the experiment was terminated: at this temperature 
4 of the 6 inoculated plants were dead. Injury at 13° and at 23° was moder¬ 
ately severe, and at 8° it was moderate. All plants at 28° Avere strong and 
healthy. Of the 24 inoculated plants in the range 8° to 23°. inclusive, only 



Fi(i. 4. Geraniums, cxjMTiniont 2, showing the effect of different soil ternperiitiires 
on the dovelopnient of Armillnri.'i root rot. Plants infected at 10^ C., but iiijurv 

moderate, B and C. Plants sl•^(•I•e]^ infected at 17'-'' and 24°, respectively. D. Plants 
iK»t infetdetl at 31 . K. IMaiits not infected, but killed bv excessive heat at 38°. 

2 j)hni1s (at 22") had os(*aped infection. Allaek hy rhi/oinorphs, 'vvhieli 
were most numerous at the lower tenpieratures. liad produced many swollen 
and necrotic lesions on tlie roots and eanes. 

(.'asnarina setHlIings. in experiment 5, show^'d the first visible sy)nptoms 
of Armillaria root rot after 1)4 days at 22^^ C., after lt)4 days at 17°, and 
after 207 days at 12°. At tlie (dose of the experiment (after 324 days), there 
were divid i)laiits at 12°, 17°. and 22°, but injury was most stwere at 22". 
Only sliglit to moderate injury wa>; found at 7°. Of the 6 inoeulated plants 
at eatdi temperature level, all were infected at 7° and 12°, f) were infected 
at 17°, 4 at 22°, and none at 27°. Typical primary symptoms were found, 
(*oi)sisting“ of dark, n(*(*rotie, localized, swollen lesions in the stems and roots. 
The pscndoselc'rotiuin of the pathogen was visible as dark lines in longitudi¬ 
nal (*racks in the bark. Some ot tlie infected plants had snr'Ni'Ned in appar- 
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eutly good condition by developing clusters of small lateral roots along the 
stem above the lesions."* 

DISCUSSION 

In the experiments reported in the present paper, pathogenesis occurred 
at soil temperatures of 7° to 25° C., inclusive. The maximum was between 
25° and 27°; the minimum, probably slightly below 7°. The optimum, al¬ 
though broadly defined in most cases, varied from 10° to 25°. The reason 



I’lO. 0. Aecroik' lesions of .^^millari .1 root, rot in root.s of HoodlinK plont.H of oxiiori- 
inent 2; A, Lovoll poach, jit soil toniiicriilure of 24’ C.; B, l{o.v:il iijiricot, at 17". 


for this variation was clarified somewhat when the temperature requirements 
of the different experimental plants were considered. The peach had the 
lowest optimum temperature range for root growth, and the rose the highest. 
When .ill nine spec ies were arranged in this manner, they formed two groups 
(Fig. 8): A, those jireferring tlie low'er temperature's for root growth (10° to 
17°); and B, tho.se preferring the higher (17° to 31°). The first group 
included peach, casuarina, pepper tree, geranium, and apricot; the second. 


4 III experimeut 3 other pljints of casuarina had 
with Clitocyhe idhcscf ixs (Scop.) Bros., from Florida. 


been iiKX'ulated in a similar manner 
The results were entirely negative. 
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sweet orange, sour orange, Sampson tangelo, and rose. The optimum range 
for pathogenesis in group A was relatively high (15° to 25°), while that in 
group B was relatively low (10° to 18°). Thus, an inverse relation existed 
between the optimum ranges for root growth and for pathogenesis. In other 
words, greatest resistance to Armillaria root rot was shown by all these 
plants at temperatures most favorable to root growth. 



The healthy coiKtiliou of inoculated roots at soil-lcmperature levels above 
25° C was apparentlv due to freedom from attack. At 26° to 31 , plants 
in sroup B were healthy and also had ma.ximnm root frrowth; plants in 
group A were healthy, but root growth was poor in that range of tempera¬ 
ture. Roots of peach, apricot, geranium, and citrus were killed at 38 . In 
these experiments the nia.ximum temperature for root growth in citrus was 
approximately 37°. and that for peach, apricot, and geranium was approxi¬ 


mately 34° (Fig. 8). 
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Freedom from attack at these higher temperatures may be explained by 
the response of the pathogen. In agar the rhizomorphs of Armillaria grew 
slowly at 27.4° and very little at 31° C. In woody inoculum, buried in soil, 
the mycelium was viable after 181 days at 28°, but nonviable after 240 days 
at 30°. Since very few if any rhizomorphs were produced in soil at tem¬ 
peratures above 25°, plants grown in this range escaped infection because 
the means of disease transmission were lacking. 



^♦ 3 ^* A* California x)eppcr-trcc seedlings grown in soil at 15 ■ (‘xp<*ii 

ment 3. A. Healthy control plant. B. Plant comjdetely girdled and killed hv Armillaria 
root rot. Some bark was removed to show the white mycelial fans of the pathog(*n. 

.The experiments on Armillaria indicate that the optimum temperatures 
foi patliopfenesis and for the growth of the pathogen are not always the same. 
A similar situation was discovered by Dickson (5) in regard to the seedling 
blights ot wheat and corn, both of which are caused by Oibberclla saubinrtii 
(Mont.) Sace. (optimum growth temperature, 24° to 28° C.). Wheat seed¬ 
lings, growing better at low soil temperatures, were healthy at 8° but 
severely blighted at 16° to 28°. (lorn seedlings, grotving better at high .soil 
temperatures, were severely blighted at 8° to 16°, but were healthy at 28°. 






EMPERATURES ! II ! S SOIL TEMPERATURES 
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Fig. 8. Optinimn temperature ruii#?es for pathogiiiesia of Armillaria root rot and for root growth of nine species of plants 
used experimentally, compared with the march of soil temperatures (J- to 4-foot depths) at Indio, California, in 1936, and at 
Anaheim, California, in 1943. The minimum (mill.) and maxi muni (max.) temperatures for root growth are indicated, where 
known. A critical temperature, above which pathogenesis did not occur, is tentatively indicated at 26=* C. (78.8= F.). 
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The eritical temperature for the seedlinj? blijrht of wheat was 12®; that for 
seedliufr bli{?ht of eorn was 20® to 24®. Dickson (5, p. 867) concluded that 
‘‘the influence of environiriental factors on the hosts seems to be the funda¬ 
mental cause of susceptibility to the disease. The seedlinp:s become suscepti¬ 
ble when they are unable to respond favorably to the environment.*’ 

“Critical teui])erature,” as used by Dickson (5), is taken to mean the 
boundary between two contiguous ranges of soil temperature, one in which 
pathogrenesis occurs, and one in which it does not occur. Actually, in anj^ 
suseept there are two (*ritical temperatures for a disease, namely, the tem¬ 
peratures at the Iwo extremes of the rangre for i)atlio"enesis. For instance, 
the critical temperatures for Armillaria root rot in the California pepper 
tree are thougrht to be ai)proximately 4® and 26® C., respectively.^* The first 
is of minor importance because it probably lies below the minimum tempera¬ 
ture for root «rrowth; the second is important because the pepper tree is 
known to thrive in soil up to 30°. The disease may have sligrhtly different 
critical temperatures in each of the nine si)ecies used in the present experi¬ 
ments, but in the absence of more exact information, the upper critical tem¬ 
perature is tentatively placed at 26® *n ail eases (Figr. 8). 

From these considerations, relative susceptibility of the experimental 
plants should be defined in terms of soil temperature. All the i)lants were 
presumably immune above 26® C. Plants of grroup A w^ere comparatively 
more susceptible at 22° than at 10®. (.'onsidering: only tlie rate of patho- 
grenesis in its optimum ran^e in each suseept, the relative susceptibility in 
these plants may be described as follows: geranium and apricot, very sus¬ 
ceptible; peach, pepper tree, rose, and casuarina, suscejitibie; and Sampson 
tangelo, sweet orange, and sour orange, moderately resistant. 

There is an element of chance in the time and place of contact of roots 
and rhizomorphs. Under favorable conditions, the probability that infect ion 
will occur in a gi^en time and space depends in part on the product of the 
respective concentrations of roots and rhizomorphs. 

The longevity of an infected plant depends not onh’ on its size and rela¬ 
tive susceptibility, but also on the location of the lesions. A plant will die 
quickly if the main stem is girdled by lesions, but if the lesions are at the 
extremities of the roots, no secondary symptoms of the disease may aj)pear 
for many months. 

In southern California, Armillaria root rot is prevalent throughout the 
orange- and lemon-growing districts, which extend 10 to o5 miles inland 
from the coast. The disease has not been reported, however, from the hot 
desert valleys east of the San Jacinto mountains, where dates and grapefruit 
are grown. Stuflies have been made on the temperature of irrigated soils 
at Indio (4), in the desert region, and at Anaheim (3), in the coastal region 
(See fig. 8). At Indio, in 1936, the mean weekly temperatures of soil, at 
1- to 4-foot depths, reached a maximum range of 81® to 88° F. (27.2® to 
31.1® C.), while at Anaheim, in 1941, the maximum range at these depths 
“was only 71® to 77® F. (21.7® to 25® C.). Since these data are typical of 

B Rliizomorphs of Armillaria mellca grow very slowly in agar at 5° C. 
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their respective stations, soil in the principal root zone (1 to 4 feet) at Indio 
is largely above the upper critical temperature for Armillaria root rot about 
tliree months each year, while the soil of corresponding depth at Anaheim 
is usually not heated to this temperature. It seems probable, therefore, that 
excessive heat in the desert region is an important factor in preventing the 
development of this disease. The failure of certain artificial inoculation 
experiments at Riverside may also be attributed to high summer tempera¬ 
tures. Patljogenesis appears to be strongly influenced by seasonal fluctu¬ 
ations in soil temperature. Prom the data presented, pathogenesis in peach, 
casuarina, pepi)cr tree, geranium, and apricot would be expected to develop 
most rapidly in the coastal region from spring to fall, while that in citrus 
and rose would develop most ra])idly from late fall until spring. 

SUMMARY 

This i)aper reports a series of six soil-temperature exi)eriments with 
Armillaria root rot on nine economic and ornamental species of plants, in- 
(‘lucling Koethen and Ilomosassa sweet orange, Standard sour orange, Samp¬ 
son tangelo, Lovell fieach. Royal apricot, geranium, California pepper tree. 
Ragged Robin rose, and casuarina. The plants, potted in soil and w^ell 
established, were inoculated wdth the pathogen, Armillaria mellca (Vahl) 
Quel., and grown 181 to 438 days, in the greenhouse, in five soil-temperature 
tanks. The water baths in these tanks were held at different, controlled tem- 
])eratures ranging from approximately 7*^ to 38® C. Air temperatures in the 
greenhouse ranged mostly between 21® and 27®. 

Rather wide differences were observed in the responses of noninoculated 
idants to soil temperature. Optimum temperatures for root growth in 
peach, casuarina, pepper tree, geranium, and apricot (group A) were 10® 
to 17® C., inclusive, while those for citrus and rose (group B) were 17® to 
31®, inclusive. 

Ill citrus, top growth was greatly retarded at soil temperatures of 10® to 
12® C., the new leaves being small and very chlorotic; largest top growth 
occurred at 27® to 31®. The minimum temperature for root growth was 
12®; the maximum, slightly below 38®. 

All plants of peach, apricot, and geranium died at a soil temiierature 
of 38® C. Top growth of peaches and apricots was greatest at a soil tem- 
])erature of 31® and least at 10®; that of geraniums was greatest at 17® and 
least at 31®. Top grow'tli of pepper trees was retarded at 10° but was vigor¬ 
ous and of nearly e(iual magnitude at 15® to 30®. The growth rate of roses 
increased from 8® to 28®. Top growth of casuarina w’as greatly retarded at 
7® and most rapid at 27®. 

The rhizomorphs of Armillaria mclUa gre^v most rapidly in sterile, deep 
nutrient agar at 19.7® and 24° C. Rhizomorphs of normal appearance but 
retarded in growth rate developed at 10 , 14.6 , and 2/.4 . Veiy little 
growth occurred at 31®, and none at 36®. Slight growth has also been found 
at 5®. The pathogen remained viable in inoculum at controlled tempera- 
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tures I'rom 7^ to 28®, inclusive, during 181 to 438 days. After these long 
periods, greatest development of rhizomorphs in nonsterile potting soil was 
evident at the Jowest experimental temperatures. The apparent inconsis¬ 
tency of the elfect of temperature on the development of rhizomorphs in agar 
and in soil is not explained. 

Pathogenesis in test plants was observed at soil temperatures ranging 
from 7° to 25® C., inclusive. The maximum temperature was between 25° 
and 27®; the minimum, somewhat below 7®. The optimum range for patho¬ 
genesis in plants of group A was 15® to 25°, while that for plants of group B 
was 10° to 18®. Greatest resistance was shown by all plants at temperatures 
most favorable to root growth. 

There are two critical temperatures for Armillaria root rot in any sus- 
cept: one at each extremity of the range for pathogenesis. The lower tem¬ 
perature is of minor importance, usually lying below the minimum for root 
growth, but the upper one is important, because many suscepts thrive at 
higher temperatures, at which the^" are free from attack. The disease may 
have slightly dilferent critical temperatures in each of the nijie species of 
plants here tested, but in the absenceiof more exact intormation, the upper 
critical temperature is tentatively i)laced at 26^ C. in all cases. 

In southern California the prevalence of Armillaria root rot throughout 
the coastal region, and its supposed absence in the inland desert areas, are 
apparently related to differences in soil temperature. Soil at Indio (desert 
region), at 1- to 4-foot depths, is largely above 20® 0. for about three months 
every year; soil of corresponding de[)tJis at Anaheim (coastal region) s(ddom 
reaches this temperature. In the coastal region, patliogenesis in peach, 
casuariiia, pepper tree, geranium, and a|)ricot would be expected to develop 
most rapidly from sjiring to f-dl, while that in citrus and rose would develo]> 
most rapidly from late fall until spring. 

University OF ( alifoknia Uitiu s E\i-ekimfnt Station. 

Kiverside. California. 
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PHYTOPATHOLOGICAL NOTES 


Bml Blight of Soybean Caused by the Tobacco Ring^Spot Vims:—A dis- 
ease oi soybean caused by llie tobacco riiij^-spot virus has been responsible 
for substantial losses in yield in the midwestern producing areas in recent 
years. It is not definitely known lio\v long significant damage has been 
occurring but the losses in 1043 and 1944 exceeded all previous records and 
ranks this disease among the most destructive of the soybean. 

Pieree** noted the destructive nature of this virus on soybean and certain 
other legumes, but did not observ<‘ its occurrence in nature. Ramson^ re¬ 
ported finding the disease in experimental plantings of vegetable soybeans 
in Indiana in 1941. Melhus^ observed it in Iowa in 1942, and later Johnson”’ 
reported tlic disease oji soybean in Ohio. It is likely that at that time, it 
was distributed extensively througlioiit the midwest in small amounts but 
had escaped detection. 

In view of the increasing imi)ortanee of this disease and the variety of 
symptoms which have come to be associated with it, it seemed desirable to 
re])ort at this time the information which is available. This paper is con- 
(*.erned primarily with the identification and description. Control measures 
have not been found. Studies are umhu-way at the U. S. Kegional Soybean 
Laboratory to find means of combating this menacing disease. 

Sfpuplonis. The effect of the tobacco ring-s])ot virus on the soybean 
plant depends to a large extent upon the age of the plants at the time of 
infe(*tion. Like many virus diseases, the greatest effect on the host is in the 
y(»uiig growing tissues. 

Natural infection in the field is rarely observed before the ydants are 
7 to 8 weeks old. In Illinois, therefore, the disease appears in late July or 
early August. At this time, the symptoms consist of a characteristic curving 
of the terminal bud apparently due to unilateral elongation, as shown in 
figure 1, A. The young expanding leaves have a bronzed appearance and 
sometimes a few leaves drop from the plant. The pubescence on the young 
stem tip bet'omes more ])romiuent than usual and may darken somewhat. 
Eventually tin* growing ])oint becomes necrotic and assumes a brittleness 
which t*auses this ]M)rtion to break off easily when touched. When the bud 


.sym]»toms first ajipear, a careful search may disclose areas of reddish brown 
di.scoloration in the pith of the stems or branches, appearing first in the 


I A jMjhlicatioii l»v tlic V. S. Uogioii.nl Soylnniii Ljihonitory, a cooperative organization 
p;irtioipat<‘(l in hv the Uiiroau of Plant liuliistry. Soils, .and Agricultural Engineering, 
Agriculiunil UoscarcU Administration; and tlic Agricultural Experiment Stations of Ala¬ 
bama, Arkansas, Florida, Georgia, Illinois, Indiana, Iowa, Kansas, Louisiana, Michigan, 
Miiinosot.*!, Mississiiipi, Missouri, Nebraska, North Cjirolina, North Dakota, Ohio, Okla¬ 
homa, South (^irolina, South Dakota, Tennessee, Tex.as, A irginia, and Wisconsin. 

•MUeree, WMl. Vi roses of the bean. Phytopath. 24: 87-115. 1934. 

Samson R. W. Tobacco ring spot on edible soybeans in Tndmiia ni 1941. I . S. 

i"!!!'E.r;“nf -.I’iSi-. v. s.Ag,,.., 

“Iran .m-nk In Ohio. V. S Dopt. Agrl,-, Ptot Biranra 
Reiwtcr 27: St!-S7. 1!'43. 
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vicinity of the nodes. Plants becoming infected at this stage seldom pro¬ 
duce seed. However, they remain green, fail to ripen normally, and persist 
in the field until frost. The pith discoloration gradually increases until late 
in the season when the pith in the entire stem and branches may be discolored. 
Necrotic areas may extend to the exterior of the stem in some cases, particu¬ 
larly at the nodes. Streaking of the petioles and large leaf veins occasionally 
has been observed. 

Symptoms resulting from infection near blossoming time when most of 
the terminal elongation has ceased present a somewhat different picture. 
The expanding tissues in the flowers and young pods are the main points 



Pig. 1. A._ Hoyboan plant iufc-ctod with l)ud blight Hlmwiiig the charactiTistii- curv¬ 

ing r.f the te.riuiual bud. B. Pod BViiiptoms resulting from infection near blossoming 
time. Note distorted and shrunken pods. CPhotograph li was furnished by courtesy of 
Dr. B. Koehler of the Illinois Agriciiltuial B.vperiment Station.) 


afl'eeted. This type of infection causes the greatest losses commercially since 
it is usually very extensive in the affected fields and causes considerable 
reduction in the amount of seed produced. A high percentage of the young 
pod clusters may wither and fall off within 10 days after infection. The 
most common symptom, however, is the dark blotching effect on the pods as 
illustrated in figure 1, B. Many of the pods that do not fall are shriveled 
and produce defective seed or none at all. 

Soybeans that do not ripen normally often produce seed of very poor 
quality. Samples of seed from healthy and bud-blight infected j)lants are 
shown in figure 2. The physiologic conditions bringing about this poor seed 
quality may be brought on by other factors, as well as infection by this virus. 
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This condition, therefore, shonJil not be invariably associated with the bud- 
blight disease. 

Identification of the Virus. Symptoms produced on tobacco by this 
virus are characteristic of tobacco ring spot. Tobacco plants which have 
“recovered” from the initial stages of the disease and are symptomless do 
not again show symptoms when reinoculated with the soybean strains or 
strains from tobacfco definitely known to be tobacco ring-spot virus. The 
converse is also true, that is, tobacco plants w^hich have “recovered” from 
symptoms induced by known tobac(H) ring-spot virus, produce no further 



Fa;. ‘J. Norinj»l seed (left'* et’ Buusei soybeans, and damaged seed (right) from 
artificially inft‘i-ted Hansei soybeans grown in adjaeent rows in the field. 

s> juptoins wlu-n iiioi-iilati'd with strains from soybean. Healthy plants of 
1h<‘ same atti* hoconu* severely diseased upon iroculatioxi. The soybean and 
tobacco strains were comiuircd on frarden bean {Phasvohs vulgaris L., var. 
Ked Kidnev). In both cases the plants were severely stunted and eventually 
suc«H.mb.><l‘ to a protrressive uccrosis that us,tally started from the point ot 
inoculation. Usually local necrotic lesions were produced upon the inocu- 
lated leaves. Svuiptoms on cucumber (Ciirumis sativus L.) were mdistin- 
fruisbable wdth strains from .soybean ami tobacco. In both eases severe stnnt- 

iii*^ and mottling eoutiiiiied iiidehiiitely. ^ 

The thermal inactivation point pom's]>onds exactly to that recognized 
for the tobacco ring-spot virus which is arotmd 6o° C. or minu es. n 
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all the inactivation tests virus from soybean aiul known tobacco ring-spot 
virus were treated simultaneously. 

DiscKsttioa. The occurrence of the tobacco ring-s])«>t virus on soybean in 
the Midwest may help investigators to determine its mode of transmission. 
The agency accounting for its rapid si)rea<l through soybean fields is very 
likely one of the insects eommonly associated with tiiis crop. Typically the 
most damaging phase of the disease, /.c., the pod spotting and blighting, 
occurs around the margins of tlie fields first and can be observed to progress 
inward as the season progresses. An intensive searcli is being made at the 
present time at this laboratory in an attemj)t to find an insect vector. 

Summary, The symptoms produced on soybean by tlie tobacco ring-spot 
virus are described and illustrated. The identification of tlie virus by others 
was verified by thermal inactivation tests, “])lant immunity’’ tests, and 
syniptomolog}". The possibility of the occurrence of an insect vector is dis¬ 
cussed.— William B. Allington, Associate Pathologist, I ■. 8. Regional Soy¬ 
bean Jiaboratory, TJrbana, Illinois. 

•i* 

Two Aida for the Study of Potitio-Lxiti ~HU(jht Kpidt miology}- An accu¬ 
rate measure of viable inoculum and an evaluation of environmental con¬ 
ditions that influence infection and the tlevelojiment of disease are essential 
to the study of plant disease epidemics. 

The presence in the air of sporangia of Pln/tophthtira {ufesfatts ('an be 
determined fairly readily by exposing vaselined mim’oscope slide's wJiich are 
subsequently examined with a mi(‘ros(*ope. Stem-rust inoculum lias hem 
measured suce'essfully in this way, but the metliod has some disadvantages 
when used for late blight. First, the sporangia of lat»‘ blight cannot readily 
be distinguished from those of sevi'ral other downy mildews. Second, tln^y 
are killed by short exposures to dry air, and, although the number of spo¬ 
rangia (in the absence of similar specit's) could be determined with a fair 
degree of accuracy witli slides, assuming that slide exposures are an accurate 
criterion of the number falling on ])lants, the number capable of inlVction 
('annot be accurately measured. 

In 1943 the writei- exposc-d potted potato plants in several fields near 
St. Paul and Minneaimlis, Miiinesida. These iilants liad been raisi'd in a 
greenhouse where fairly high temperatures as well as some ])rotection from 
the outside air reduced the [lossibility of accidental infection, (’heck ])’iants 
indicated that the possibility of accidental infection was zero. Th(*se fdants 
were exposed in various locations, eitluu- overnight or for 4-hour fu*riods 
during the day. At the end of the exjiosure period they were' placed in ])or- 
table moist chambers in an automobile and brought to the laboratory when* 
they were incubated at about 70^F. and 100 per cent relative humidity. 
Control plants, directly from the greenhouse, were iiuMibatiMl u\ tin* same 
time and under the same (‘onditions. None of the control plants became 
infected. 

iPsipur No. 2268, Joiirnul Kories, Miniicsot;! Agricultural Kxi>criniriit Station. 
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Late-blifj^ht lesions nsnalJy be^an to aj>pear within 8 or 4 days after the 
j)laiits were exposed. Tlje ]esion.s were eonnted, and their niiinbers, tofr^ther 
with the numbers ol sporan^ria found on slides exposed at tlie same time, 
were used to determine the ‘‘blijLdit infection potential.’’ 

Having? available an e.stiinate of the viable inoeidum at a f?iven location, 
predictions re^ardinjj infection will dejiend upon an accurate knowled<?e of 
environmental conditi<»ns affeetinjr ^Termination and infection. Numerous 
attempts,"**' have been made 1o correlate weather data with late blijrht epi¬ 
demics, and some workers^* ' liave found that mean temi)erature and precipi- 
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tuti.ai (lata an* insnflHcioiil for the purpose. Total precipitation, if it comes 
as •puck, heavy showers, may still he unfavorable for late blifrht if the inter- 
veniutr perioils are dry. Proloiifred periods of liifrh humidity, liowever. may 
pro( idc very favorable eoiiditioiis for the disease even thouprh the total pre- 

eii)itation be low. . 

It is sujT^n'sted that ordinary weather observatioJis may not be satistac- 

2 I.utniaiL U. F. Twciitr vears* ^ivaviiiM lor 1 ‘otnto disfasen. Potato diseases and 
"'‘''‘‘*^Mi.rtTn: tl.e ive-Uher. N. .1. A^r. E.k,,. Stat. 

O. Disease and eH.uate as perfah.inR to tlie Florida and Maine potato 

'-lifikt of rhytopath. 6: 
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toiy for this purpose because such ineasiireiiieuts are usually not made in 
the environment where infeetion occurs, i.e., amoiij^i: the leaves of the potato 
plant. The observation that blip:}it is often most severe in low spots in a 
field is evidence of the importance of temperature and humidity in limited 
environments rather than several feet from the jrround and in oi)en spaces 
where weather stations are usually located. 

To compare the meteoroloj^ical conditions in th(» atmosphere with those 
among the foliage of the plants (referred to as the “foliarsphere’’), tem¬ 
perature and humiditj^ were measured among the leaves of i)otato plants in 
the field and also at a point 5 feet above the plants. The relative humidity 
was measured by means of dew-point ap]>aratus. The data (Fig. 1) show 
that although temperatures in the two locations differed but slightly, the 
differences in relative humidity were often very great. The differences were 
striking on July 8, 12, and 14. 

There was 0.3 inch of rain on July 2 and again on July 12. Late blight 
was found in the field on July 7 and increased from then until July 19. 
Standard meteorological observations during this ])eriod indicate that the 
weather was unfavorable for blight <l(w'elopment. On the other hand, the 
higher relative humidities in the foliarsphere ijidicate that among the leaves 
of the i)laut, moisture conditions favorable for fructification of the fungus 
and germination of inoculum lu'obably obtaiin*d for sufficient i>eriods for 
these processes to occur. 

The data presented are preliminary in iialui’c, and are not sufficient to 
show conditions at all hours of the day. Nevertheless they do illustrate the 
importance of the microclimate as a factor in the epidemiology of late blight, 
and that potted potato plants exposed in fields when late blight inoculum is 
present may be used as iiidicators of the “blight infection potential.^'—W. I). 
Thomas, Jr., T^nivej-sily Farm, 8aint Paul, Miiuiesota. 

A Ne w Bean Mosaic in Idaho .'—In the summer of 1943 mosaic was re¬ 
ported by the field inspectors of the Idaho Crop Improvement Association 
in a field of Great Northern TT.I. 15 l)eans grown near liuhl, Idaho. As this 
variety is resistant to common bean mosaic the records were carefully 
checked and it became evident that a new type of mosaic was present in this 
field. Inoculation experiments in the greenhouse have fully established this 
fact. 

Some of the Great Northern ILL 15 seed used to plant the fi(*hl mentioned 
was secured and planted in the greenhouse. Twenty-five plants were grown 
from this seed and 2 developed mottling and curling of the leaves somewhat 
characteristic of common mosaic. The .symptoms were not so severe as those 
which developed in Red Kidney plants grown from seed known to be infected 
with common mosaic. One rather marked characteristic of the new mosaic 
seems to be a tendency for the tip of the leaflets to curl downward. This 
tendency is more marked than in common mosaic. Otherwise the symptoms 

T Published with the apiuoval of the Director os Ite.seorcli Po]M»r No. 245 of the Idalio 
Agricultural Experjmont Station. 
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of the 2 mosaics are similar and it is im]>ossible to (iistiiif^uish between them 
on the basis of symptoms alone. Seed was secured by E. C. Blodgett, of the 
Federal Emergency Plant Disease Prevention, from the field of beans grown 
near Buhl, Idaho, where the disease was first noted. This seed was planted 
in the greenhouse and of 37 plants only 7 developed mosaic symptoms. Since 
Dr. Blodgett reported 85 per cent infection in the field, this is a surprisingly 
small amount of seed transmission. 

Seed was (iollocted from Great Northern U.I. 15 plants grown in the 
grecnhoii.se and infected with the new bean virus when in the seedling stage. 
These jilants all exhibited mosaic symiitoms. This seed was planted in the 
field and a record taken of <liseased plants whicli were produced. Of 113 
plants grown from this seed, 68 developed marTvcd symptoms of the disease 
and 45 w’ere apparently healthy. 

Mosai(*-free seed of a number of bean varieties was planted in the green¬ 
house and the jilants were inoculated with the virus from Great Northern 
I'f’.I. 15 plants intectetl with the new mosaic. A modification of the method 
described by Pier(*e'‘^ was used. Diseased tissue was ground in a small food 
chojiper, the jilant juice was extracted and applied with cheesecloth to tlie 
jirimary leaves of the seedlings before the trifoliate leaves had developed. 
Carborundum jxjwder was dusted lightly over the leaves before they were 
rubbed with the cheesecloth saturated with the plant juice. The plants were 
grown under artificial light in order to induce the mosaic symptoms. Ketl 
Kidney ])lants wtu'c inoculated with common bean-mosaic virus at the same 
time to cheek tin* method of inoculation. Every ])lant inoculated with the 
common mosaic virus develo[)ed mosaic symptoms. Ten plants of Great 
Northern Ihl. 15 were inoculated Avith common bean-mosaic virus and no 
symptoms aj)j»eared on any. Noninoculated cliecks were grown under simi¬ 


lar conditions. 

As a result of these (*.\periments in the University of Idaho greenhouses 
at Moscow and in the greeidiouses at the field station at Twin Falls, Idaho, 
it has \)ecn shown that 2 strains of the common mosaic virus arc present in 
Idaho. The University of Idaho Great Northern selections Num. 1, 56, 59, 81 


and 123 arc all resistant to the new strain of the virus as well as to the com¬ 
mon mosaic virus tu’evicmsly used in testing these selections for resistance. 
Great Northern U.I. 15, Bed Mexican U.I. 3, and Red Mexican U.T. 34 which 
W(M'e obtained by crossing the Great Northern variety with the Red Mexican 
variety are snseeptible to the ncAv straiji but resistant to the common mosaic 
virus. S(‘veral ])iuto-type segregants from crosses between tlie Red Mexican 
select ions resistant to common mosaic and the common Pinto beans all proved 
to be susee])tible to tlie new virus strain altliougJi resistant to the eommon 
mosaic virus. The Miidielite, Robust, Red Kidney, Bountitul, and Buitiiei 
are all susceptible to the new strain of bean virus, while Idaho Refugee and 
U.S. No. 5 are resistant. 

2Pi.>r«> W n. Tlie uleiitifiention of eerlain virusoB affeeting logu.ninoua plants. 
.Tour. Agr. Ros. [ll.R."] 51: 1017-10.19. 19_.>. 
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Burkholder'^ and Richards and Burkholder,‘ reported a new virus disease 
of beans in New York and state that Norida, Red Mexican U.I. 3 and Great 
Northern TT.1.15 are all susceptible to it. Tliey also reiiorted Great Northern 
U.I. 1 and Great Northern U.I. 59 as beinji: immune. 

Several lots of bean seed of varieties used by Richards and Burkholder 
were secured from B. Lorin Richards and their reactions to the new virus 
found in Idaho were conijiared witli reactions to the one reported in New 
York. The results indicate tliat the 2 viruses are identical so far as host 
reaction of the varieties tested is concerned. 

During!: the field ins])ections of bean fields in southern Idaho by the 
officials of the Idaho Crop Improvement Asso(*iati(m in 1944 and u^aiu in 
1945, the new strain of liean mosaic virus was found only in one locality on 
Great Northern U.I. 15. None of the fields had more than one per cent of the 
disease and as no tolerance for mosaic is allowed, and a frood sui)jdy of certi- 
fie<l seed is available, it is lio])ed that the disease may be kt^pt under control 
until a resistant substitute cau be developed. 

Due to the fact that the Great Northern selections are all resistant and 
many hybrids have been developed iiv. the bean-iinju-oveinent projrram, it is 
hoped that from these we may be able to secure satisfactory se^^’t'^-ants which 
Avill combine resistance to the curly-toj) and the ncAv mosaic viruses.- -Leslie 
L. Dean, IMaiit Patliolojiist of the Idaho Leaf hopper Fiiud Administration, 
and C. W, Hunoekforu, Idaho Aj^ricidtural Ex])crimcnt Station, Mosi'ow, 
Idaho. 

3 Burkholder, Wnlter TJ. .New virijv m;iv JOduisI iii New York. 

Farm Beseareh 10: 1-, Bk .UM4. 

4 Riehnrds, B. Lorin, and Walter 11. Burkholder. A new mosa’n' disease of lieaiis. 

Phytopath. 33: 121.5--ll!10. ]P4:5. 



ALBERT EDWARD EDGECOMBE 
1897-1945 

Lewis Hanford Tiffany 


Tlie sudden death on March 30, 1945, of Professor Albert Edward Edj^^e- 
coinbe at the aj^e ot lorty-ei^ht cut short tlie life of a man whose devotion 
to study and research had reached the staj^^e where his accumulated knowl- 
ed^u‘ and techniques would have resulted in maximal productiveness. He 
was an Enj-Jisliman by birth, spent over half of liis lile in Canada, and 
became an American citizen in P)35. He was an associate professor of 
botany at NortJiwestern University at the time of his death. His research 
activities W(‘ro larjicly in tlie field of mj’colojiy. 

Edjiecombe was bom in Devonshire, Enj^huid, on FebjTiary 5, 18J)7, and 
siu'cuiubed to a cerebral heniorrhajre at Wilmette, Illinois, on March 30, 
1945. He taujjht for eijrlit years in the liigh scliools of Canada and served 
lor a time as a fiehl agent of the Presl)yterian Church in both Alberta ajid 
Dritish (’olumbia. He entered Queen’s University, Ontario, in 1921 anil 
olitained the A.H. degree Avith honors in botany in 1923. In 1925 h<‘ was 
gi’anted tlie ALA. degree fj*o)n Queen’s witli a thesis on the rise of sap in 
woody ]>lants, lie was ap|)ointed to a graduate feihnvshi]) in botany at the 
University of Chi(‘ago in 1!12() and received the Ph.D. from that institution 
in 1929. Foj- his doiUoral dissertation, prepared under the direction of Pro¬ 
fessor Ceorgi* K. K. Link, he investigated immunological relationships of 
certain wheats resistant and susceptible to rusts. He received the LL.B. 
and J.l). degrees from the Chicago Law School in 1934. 

Dr. Edgecombe .served as an assistant professor of botany at NortliAvesl- 
eni University from P.129 to 1939, and as associate profes.s()r from 1939 until 
his death. He tanglit, at various tiiiies, general botany, jilant genetics, 
mycology, idant pathology, and bacteriology. His special interests la.A, 
liow<*ver, in mycology and ])Iant pathology, and recently he had made con¬ 
siderable study of certain derinatophytic fungi, lie liad worked on the 


mycetozoan flora lA' the (liicago llegion for many years. His repeated 
attiunpts to culture certain (d' tlie obligate rusts on artificial media gavt‘ 
uiiiformlv neii'ative results. J^ost-doctoral studies in plant ])atholog\, m\- 
cology, iininuuology, and medicine were made at Cornell UniA'ersitA, Uni¬ 
versity of Alicliigan. Pennsylvania State College, the Graihvohl Laboratories 
at St. Louis, and the Presbyterian Hospital of CNdninbia University. 

Profes.sor EdgiM'oinbi' bi'eaine a lellow of the Ameii(*an Association loi 
the Advancmnenrof Science in 1931 and was a charter member of the Alyco- 


jogieal Soeiety of America. In addition, he held mend^ershi]) in the Anieii- 
eau Phvti»pathologieal Scudety, Botanical Society of America, American 
Association of University Professors, Illinois Academy of Seumce, Sigma Xi, 
and Phi Alpha Ihdta. He married Sara Roberta Mohn of Pottstown, Penn- 
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ALBERT EDWARD ED(;KCOMru: 
1897-1 


sylvailia, on Novein])er 23, 1939. Ilis widow and two idiildren, Phyllis and 
David, toj-fellier witli one brother livin^^ in C^iiunla, snrvive him. 

Edgecombe Avas retiring, shy, and modest to the point of seir-eli‘ae(*meiit. 
His qualities oi* friendliness, generosity, and alfeetion were reserved for liis 
family and his intimate friends. He loved ihe (piiet of his home and tlie 
seclusion of his laboratory. He a\>is an iiuhd'atigable Avorkei*, his interests 
ranged from poetry to medicine, and lie died as he had Avanted to liv'C; 
quietly and with a minimum of distiirbame to his fellow man. 

Dr. Edgecombe was the author of the following publications: 

Further agglutinution test« with phytopatliogeiiie liaeteria (with G. K. K. Link and J. 
Godkin). 15ot. Gaz. 87: fj;il-r)47. .1929. 

Immuitological relationships of wlieats resistant and susceptible to Pueeinia nibigo vera 
triticina. Bot. Gaz. 91: 1-21. 1931. 

A comparative study of certain fungi. Traas. 111. State Acad. Sci. 30: 108-110. 1937. 

Differential distribution of ash along tiie axis of herbaceous plants. Trans Til. State 
Acad. Sci, 32: 79. 1939. 

Differential diatribution of ash in steins of herbacecius idaiits from base to tip Am(*r 
Jour. Bot. 26: 324-328. 1939. 

The growth rate of several wood-inhabiting fungi. IMiytopath. 31: 825-831. 1941, 
Trichophyton piirpiireum (Bang) and Trichophyton 'gvpseum (Bodin). Archives of 
Dermatol, and Syphilol. 46: 651-660. 1942. 



CBKTAIN ASPECTS OP TUB EPlPHYTOLO(ilY AXJ) CONTKOL OF 
TOMATO P’RUIT HOT (LAPSED BY PHYTOPHTHOKA 
CAP'SICI LEONIAN* 


W . A . K R K i: T z E R AND L . R . 13 E Y A N T 2 
(Api-eptod for Decpiubcr 17, 1945) 


INTRODVCTION 


Since 19TO serious sporadic Josses in certain tnicli crops iu Colorado have 
been caused by Phyiophthoro cftpsict Leonian. This or‘ 4 ;anisni has been re- 
s])oiisible lor field losses in the State in peppers [Capsicum annuum L.) and 
e<r>rplants {SolauHm mcloiujcmi L. var. csoulcntum Necs) (1), cucumber 
fruits (Cuctnnts safirys L.) (4), houeydcAV melon {Cucnmis mclo L. var. 
tnodoras Naud.) and cantatou]>e fruits (Cucamis mclo 1j. var. rciiculaius 
Xaud.) (18),S(piash {('acurhtin masirna Due.), watermelon vines {Citrullas 
vHlparts Sclirad.) (5), watermeloii fruits (19), and tomato fruits {Lyco- 
pcrstcum csculcnlam .Mill.) (5). In addition, within the past two years 
tbe senior writer lias is(»]ate(l the orjranism from decaj’iuf^ fruits of banana 
.s(juash {Cncurhiia ma.rima Due.) iii northern CVdorado fields. 

Elsewhere in the rnite<l States, Phyfophthora cai^sici has occurred in 
epiphytotic form in the field on ]>epper plants in New Mexico (9) and 
Florida (17), and in California on lioneydew melon fruits (13). Fruit rot 
of tomatoes caused by both /^ capsid and P. drcchslcri was reported by 
Tomj)kins and Tucker (14) as o<*curriii<r in California in 1937, 1938, and 
1939. In this same publication a <*omi)lete literature review on fniit rot 
of tomatoes and its caiisal agents is linTu. In addition, a root rot of pepper 
and pum})kiii (Cacarhifa prpo L.) caused by P. capsid has l>een described 
as oecnri’inp: in the same State (15). 

Fruit rot of t(»matoes caused by Phyfnphlhora capsid occurred in epi- 
j)hytotic proportions in the Arkansas River Valley of Coloratlo in 1938 (5). 
In 1940 fruit rot of tomatoes occurred in northcentral (\dorado in the 
Bri^’hton area. Losscn in each of the ]93h and 1940 opii>hytotics in Colorado 
Avere estimated by canniinj companies to be approximately 50 T)er cent in 
those ari‘as. In 1945. amdher outbreak of the disease in the Arkansas J^iver 
\"alley oc(MM*red. Losses A\ere estimated at from 10 to 25 i>er cent. 

Be(*ause of the hij’h losses in these areas, a study was bcfjun in 1942 tt> 
d<’termin(‘ (a) the ]n'ini'i])al fa»dors Influencinji: the ])roductioii of sjioraiifria 
ajul swarmspores by the j»atho^en, (b) the effects of temperature and diira- 
1i<»n of ex]>osnre on infection of fruits by swarmspores, (c) the role of cul¬ 
tural ]n*actiees oi* chemical tri‘atments in the control of fruit rot in the field, 
and (d) the possibility of resistance in any commercial varieties, selections, 


hybrids, or types of tomatoes available. 

1 F:nKM- No. 199, ScbMitin. .loiiriinl Scries. Colorado A^rrienlturnl Expcrimotit Station. 
•-The writers wish to c.\]*rcss tlicir apv**^**^***'^'**” ^1; Dr. A. O. 

SiMionds, Mr. W. C. Hatfield, and Dr. D. W. Darrell, for assistance daring certain plias.^ 
of this stiidv. They also wish to ackiu»wlcdjjc the assistance ot other members of the staff 
of the Colorado Ajiricultaral K.xperimcnt Station in the course ot the work. 
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EXPERIMENTAL RESULTS 

Hponilation and lytf cclion hy Fhytaphihora capsm 

From both observations and experimental Avork, it is indicated that 
epiphytotics of' tomato Iriiit rot caused by Phytophthora cajisici dej)end pri¬ 
marily on sporauj^ium and sAvarmsi)ore Jormation (7). Accordinji^ly, beJore 
control measures could be developed and evaluated it seemed necessary to 
determine the conditions uiultT Avhich the causal organism Avould i)rodu(*,e 
sporangia and swarmspores, and the factors influencing fruit infection by 
SAvarmspores. 

In this study two isolates Avere used. Cidture 50 Avas obtained from 
rotting tomato fruits in northccMitral Colorailo, and culture GO Avas obtained 
from fruits groAving in southeastern Colorado. These isolates Avere morpho¬ 
logically similar to other previously identified cultures obtained in the State 
(5, G ). All isolates of the organism have been virulently pathogenic to nou- 
Avouudetl j)epj)er ])lants {Capsicum annuum L.). AVith the t*xceptiou that 
local isolates either form no sexual fruiting bodies or produce them only 
after G to 8 months in culture, they conform Avith the adequate descriptions 
of Phytophthara capsid (9, 13, 15, lG/19). 

Formation of i^poranyia and Sivarmspon s.-- \u previous studies by tl\e 
Avriters (7), local isolates readily produced almuclaut simrangia when non- 
steamed field soil Avas used as a medium for their development. The o])ti- 
mum temperature range for the groAvth of certain isolates of Phytophthora 
capsid has been given by Godoy (3) as 24"’ to 2G'' C. Tompkins and Tucker 
(13) found the optimum gi’OAvth range for one isolate to be 25® to 30(‘. 
Wiant and Tucker (19) reported the ojdiinum temj)evature range for growth 
of another isolate to be 2G.7® to 29.4® 0. Kreutzer < t aJ. (G) found that the 
ox)linium temperature for sporangium production of c(‘i'tain isolates of P. 
capsid obtained from Aviltcd pepper plants and rottcil cucumber fruits Avas 
near 30° C. 

To determine the oprimum temperature for sj)oranginni production using 
nonsteamed field soil as a medium, giant cidtures on barley Avm-e ground and 
mixed with approximately five times as much nonsl(‘amed field soil by 
A’olume. The soil Avas treated as in jirevious studies (7) exee])t that tin* 
moistened soil-inoculum mixture Avas j)laced in clay j)ots and incubated at 
10°, 15’', 20°, 25°, 30°, and 35° (\ at 100 t)ei‘ (‘cnt relative humidity for 
from 48 to G4 hours. The determination of the i)resence and relative <|uan- 
tity of sporangia Avas made using a previously described technique (7). plac¬ 
ing one cubic imdi of the soil mixture in a 400-ml. beaker containing approxi¬ 
mated 30 ml. of tap Avater, alloAving this mixture to stand at 25° C. for- from 
2 to 4 hours, and then examining drops for the presence and relative num¬ 
bers of sAvarmspores at hourly intervals Avithin that period. 

>Sf)orangia were ])roduced only at temi)eratures ranging from 20° to 30° 
r. inclusive, the greatest (juantity being produced at 25° O. No sporangia 
Aveie produced at 10°, 15°, or 35° (\ In other similar trials results Avere 
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esscntjally tlie same. Another important point was bronjrlit out in subse¬ 
quent tests; Millie sporantria were produceii at 20° C., none were formed at a 
control led tenipcratiire of 18° C. 

The 2- to 4-hour period used to determine the relative numbers of swarm- 
spores produced was the result of trials which, in freneral, showed that at 



Fit!. 1. Fruit rot of toni;itoos r.uisrd rhytvphthora capsid. A. usod 

to tost iiift'otivit V <if /’. capsid iiiidor v;irviii^ ooiidit *'ons. TiOivor rij^lit: di’ops ooiitniii- 
injj rms]u)ros on iiiiiiijnrod fruit surfnoo. Tbt* otlior tlirot* fruits show jiroffressiAo 
stnjjos in iuft'otitui at it dnv, (l-dav, and 14-day intervals at room toinperaturos. Jt. Two 
types of frnit-r«tt symptoms. <\ the yield a siiifrle plant showing loss caused by the 
disease. I.eft, fruits which were in contact with the soil. Fight, fruits whirh were not 
in contact with the soil. 

25° C. only a few swannspoivs were released in 90 minutes, wliile after 150 
minutes swarinsj)ores were abinidant. In most cases swarmspore ]m)duction 
was a|)])arent in from ‘10 to 00 minutes and readied its peak in from 2 to 0 
hours. 

Sirarmspnn (r( Dnindiioa (UhI Jnffrlton. —The role of temp<*ratnre and 
time in the germination oL* and inteetion hy swjirmspores was determined. 
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In one study the effect of time exposure on infection at varying; tempera¬ 
tures was investig:ated. Green fruits'* of the Laiidreth variety were inocu¬ 
lated by placing: two to three drops of iiiocuhnn containing: numerous active 
swarmspores on the stylar ends (Pig:. 1, A). They were then incubated at 
20®, 25°, and 30® C. at 100 per cent relative liumidity for 40, 60, 80, 100, 
120, 140, 160, and 180 minutes. Ten inoculated fruits were used for each 
time exi)osure at each g-iveii temperature. At the end of each time interval, 
fruits were removed from the incubators and the drops of ino(*ulum were 
removed by g:entle blotting: with clean cheesecloths. These fruits were then 
placed on laboratory tables at i*oom temperatures. Fruits were examined at 
12-hoiir intervals for 6 days. At the end of this period final readingrs were 
made. In fig:ure 1, A are tyj)ical reactions to inoculation by use of this 
technique. The results of tliis study, Avith isolates 5C and 6G, ai*e in table 1. 

TAHTjH ].— Kff'rrt of iimr of exposiirr at irmparaturoi on infrci'ion of 

tomato fruit (varirfif Landrdh) hp Thytophlhora capsid 


Exposure 

Percentage of inoculated .areas infected at 

(minutes) 

20'* C. 

^ 25^ C. 

aO'^ C. 

4i) 

o.o 

0.0 

(».(» 

(JO 

0.() 

lo.ll 

35.0 

80 

10.0 

35.0 

45.0 

too 

■ 40.0 

85.0 

65.0 

320 

70.0 

85.0 

85.0 

140 

75.0 

90.0 

80.0 

160 

60.0 

60.0 

90.0 

180 

90.(» 

100.0 

100.0 


The earliest infection obseiwed occurred after pxjiosure for 60 minut(*s 
at 25® and 30® C. No infection was noted at 20 V, until exposure was 
increased to 80 minutes. Infection at 20® C. was consistently less than at 
25® C. and 30® C. except after tiie longrer exj)Msur(»s. Temperatures of 
25® C. and 30° C. were eiiually effective at all exposure periods tested. 

In a number of parallel tests the results vere similar to those g:iven in 
table 1. In no instance was infe(*tion obseiwed after exj>osure of less than 
60 minutes at any temperature and in no case was infection observed at 
less thati 80 minutes exposure at 20° C. 

In other studies, exposures of fruit to swarms])ore inoculum at 10® 
brought about infection. In these tests fruits were exposetl to dro])s of 
inoculum for 5 hours at 10°, 15®, and 20° C. All fruits were infe<ded. No 
attemi^t was made to determine the shortest exposure time foi* infetdion 
at 10® Q. 

In another trial a total of 910 green fruits of uniform siz(‘ from 40 varie¬ 
ties, lines, ajid types of tomatoes were used. The fruits were first random¬ 
ized on clean laboratory tables and held for 24 hours at room temi)eratures 
to equalize all fruit temperatures. They Avere then inoculated In' ])lacing 

3 Green fruits were used in all tc‘sts rather than red or ripening fruits, siine infoctioii 
in its earliest stages was more readily detected on grecni fruits. 
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3 drops of water containing active swarmspores of cultiu-e 6C on the stylar 
end without injury to the fruit. The drops wore allowed to dry naturally, 
and the drying time was recorded for individual fruits. Drying intervals. 
Jell within a range of 40 to 170 minutes. The fruits were placed in classes 
of 20-minute intervals, giving 6 class intervals of 40-59, 60-79, 80-99, 100- 
119, 120-139, and 140-169 minutes. During the trials, tliermonieters were 
})laced in check fruits at random on the tables to obtain temperature varia¬ 
tions. A leeordiiig of inlections was made 10 days after the time of inocu¬ 
lation. The results are in table 2. 

The drops on the majority of fruits (506 cases) dried in from 60 to 99 
minutes. T.he earliest infection, together w’ith the smallest number of 
infected fniihs (5.0 per cent), was observed in the 60—79-minute interval. 
The greatest amount of infection (72.7 per cent) appeared in the 140-169- 
niinute interval. 

TABLK 2.— Effect of lime of exposure ou infection of tomato fruits hu Fhuioiihthora 
capstvi at roo7n temperalurr C.) 


Time interval Total number of Pcrct'utage of 

(minutes) fruits iiioeulated fruits infected 

40-59 
00-79 
80-99 
lOO 119 
11 * 0-159 
140-iri9 


Another series of studies was designed primarily to d(‘termine the degree 
of .swarmspore activity and compare it with infection at varying time inter¬ 
vals. Temperatures Avere held uniform at 25'' V. and tlie same techniques 
Avere used as iu ])revious t('sts except that the dro])s of sAA’arms])ore-inoculum 
ou fruits Avere AA’ashcd off with 95 per cent ethyl alcoind after each lot of 
fruit Avas rem<»ved from the iucubator at a gWen time interval. In addition, 
to (letermine swarmspore aetivity and germination at each time interval, 
several inwrted drops of sAA’armsj)ore imu-nliim on slides mounted on glass 
blocks in Petri dishes Avtuv placed in the incubator for each inoculated Jot 
ot' fruits. The drops Avere examiniMl for sAA’arms]>ore activity and germina¬ 
tion Avhen (*aeh lot of fruits aahs removed from the incubator. The results 
of tJiis study are in table 3. 

Quiescent sAvarnispoi*es AV(»re first noted at 80 minutes, and the earliest 
gerjnination (u'cMiri’ed in 100 minutes. This eorrelates ])e!'f(*ctly Avith the 
shortest time at Avhich infection Avas (ibseiwinl. At 140 minutes, a feAV sAA^irm- 
spoTvs still were aedive, but at 160 miinit('s all activity had c(^as(Hl. Inoeu- 
lated fruits Aveiv Avashed Avith aleohol at the end of each exposure interval 
and blotted as in i)revioiis tests. This disinfectant undoubtedly (lest»*oyed 
all spores ou the fruit surface and all germ tubes Avhich Avere not established 
Avithin the cuticle. This may (-xplain the comparatively long time interval 
nupiinnl for infeetion (100 minut('s) as against a sliorter period of 80 
minutes for })re\’ious t(\sts. 


58 

0.0 

201 

5.0 

245 

23.7 

191 

48.1 

111 

57.0 

44 

72.7 
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TAliLE 3 .—Efcct of iinic of exposure at C, on swarmsporc activity and germi¬ 
nation, and infection of Land ret li tomato fruit hy swarmsporrs 


Tnfcction 


Ex])osurc 
(iiiiiiut(‘s ( 

Obsc'rvjitions on swarm8])ort‘s 

of 

inoeulateMl 

fruits 

20 

All su'ariiis})oros very a('tive. 

- 

40 

All swnrinsiioTo.s nctivt*. 

- 

CO 

Swarmsporos loss :ietive. 

- 

80 

A fi‘w swnnnsixjrcs qui<‘acciit, majority still active. 


100 

Majority of swarmsponss quiesront, a fi‘w gtuininatiiig. 

■1- 

120 

M.ajority of swarnispores germinating. 

•1- 

140 

Almost all swarnispores qiiieseeiit, germination general. 


ICO 

All swariiisjiores ipiieseoiit, germination marked. 

■f- 

180 

Almost all swarmsporos germinating. 

‘t 


Coniroj InvesligafioHs 

Since s[)()i*aij,tiin iippareiitly are not formed at 18° (64.4‘^ F.) or below, 

an epipliytotie oi‘ Iruit rot slionid not oeenr at siieli leinporatnres (*veu 
thonjrh abundant moisture is presejit. Observations in comimn-eial tomato 
fields in canning districts su])]K)rt tin’s Yie‘-\'. llow(‘ver, with favorable tem¬ 
peratures for sporaiurinm ju'odiiction (above 20'^ 0.) and abundant free 
water, sporangia will forjii rapidly within 24 to 48 hours, and swarm- 
spores will be released in froju 1 to 3 liours. Followijig tlie release of 
swarnispores infection (‘an ()c<*nr at any held temp(‘rature, and at favorable 
temperatures of 25° to 30^' C. (*an occur iji as short a time as GO minutes. 
These findings emphasize that for effective prevention of tomato-fruit rot, 
control measures should be applied before (‘onditions favor an ei)ii)hytotic. 

Use of CulluroJ Methods .—In 1942 a study was conducted to determine 
if mulching the bases of plants w’Mi straw would aid in reducing inf(‘ction 
('.aused by PJnjtuphthont capsid. In two KJO-foot rows of a ])lot in whitdi 
the soil was inoculattnl by the method described in an earlier ])aper (7), 
plants of both Landi*eth and Early Baltimore varieti(‘s were straw-mulclu'd. 
Control plants left hi small five-jdant blocks were not mulched. Bccords 
were taken on 1,827 fruits, from 30 plants. The rr'snlts are in table 4. 

Although the design of the 1942 t(‘st was such that the data obtaiiu'd wei*e 
unsuited for statistical analysis, the wide differenc(‘s in ivsults between the 
muhdied plants (93.8 and 83.5 ])er einit healthy fruits) and the nonmulclu'd 
plants f42.2 and 29.5 per cent healthy fruits) indicate that mulching 
rediK'ed fi*uit rot to a marked degree. 

TABLE 4. —Effect of shair mnJclunp on ffld infection of fruits of tjo J.nndrcth 
and Early*7ta11imore vari> lies of tomato 


P<MV(*uti»go of lu'iiltby to!u:ito fruits from 

Variety 

Mnlelu‘(1 lUniits Nnjmiulclicd ]»hiiits 

Early Bnltiniorc 93.8 

LaiKlroth 83..^ 29..'i 

Total 88.() ;u;.o 
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In 1943 staking and low ridging (6 inches) were included with mulching 
in another field experiment. Staking tomato plants was recommended by 
Sherbakoff (11) as a possible control for Buckeye rot of tomato caused by 
Phylophthora terrestria (P. parasitica), Sherbakoff, however, had no ex- 
])eriiiieTital staking trials. In the test conducted by the writers, 120 i)lants 
of tile Landreth variety were set out in a randomized block of 12 plots. Each 
treatment was I'cpJicated three times. The soil was inoculated by the soil- 
inoeulurn method (7) and irrigated at frequent intervals. At harvest, all 
])lants were stripped of fruit. Keadings were made on 5,509 individual 
fruits. The results are in table 5. 

Kidging resulted in significantly’ more healthy fruits than the control. 
Inmulclied and staked jilots, the iinn-eases in iiealthy fruits over the control 
were higiily significant, and an increase in yield of healthy fruits approach- 

TAIUjK 5 .—Effect of cultural treatments for the reduction, of tomato fruit rot, lic- 
sults are (liiu u as thrrc-pfnt averages of hratthi/ fruits hareesfrd 


Av(»nig(* percentago of healthy fruits 
Treat merit —----*- 



Actual 

Trausfornied« 

Control 

60.53 

51.12 

Kidging 

80.78 

65.00 

Mulching ... 

89.42 

71.13 

Staking .... 

98.05 

82.46 


JlififtjrcTieo recpiin'd for sigiiificam'c o per cent level = 12.01) 
Difference recpiired for signihcaiicc 1 per cent l(*vel=18.'D 


l*ercciitages converted into sin- f) by use of Bliss’s tables (2, S). 

ing the 1 per cent level of significance was obtained in staked plots when 
(fompared with that obtained by ridging. 

l/se (tj Dust Fu)if/ici<1(s .—^Because fruit rot appears in commercial 
tomato fields late in the season, the large sprawling vines make spraying or 
<lns1ing witJi j)ower e<iuipment an imj)ractical undertaking, and few growers 
or canning {'onij)ani<‘s are interested in liand spraying. Dusting by hand, 
however, is otnisidered praclical and is frequently emplo^^ed in Colorado 
late in the season to control certain inseets. For these reasons, the effective¬ 
ness of vaj*ions fungicidal dusts in controlling tomato fruit rot was de¬ 
termined. 

As a i)i‘eliuiiiiary 1o field trials, an investigation was eondueted in the 
laboratory using fruits grown in the greenhouse. A method was devised 
to give a rough aj)proximatioii of the fuiigicidiil value of any dust. Fruits 
to be tested were individually mounted on watchglasses and then were given 
a liglit dusting with a fungicide. Following this they were inoculated by 
sprinkling liglitly with drops of water containing motile swarmspores of 
Phylophthora capsid. The inoculated fruits were placed in incubators at 
25° C. at 100 per (^eiit humidity or in moist chambers at room temperatures 

4 Whore ^‘signifionnt ” is used, it refers to the 5 per oeiit level of sigiiifieanoe. 
^^irighly significant ” refers to the 1 per cent level of sigiiilieanee. 
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for from 2 to 4 hours. At the end of this time the fruits were removed and 
the drops dried by blotting. The fruits were then held on laboratory tables 
to determine whether infection would develop. 

The most effective fungicides used were those which contained copper 
as the active principal. Dusts selected for field testing were 5 and 10 per 
(‘ent Yellow Cuprocide, 10 per cent Basicop, 10 per cent tribasic copper 
sulphate, and 10 jier cent copper oxychloride. Bordeaux spray (4-4-50) 
was included in the test as a fungicidal standard. To test the efficacy of 
these chemicals in the field, a planting of tomato plants of the Landreth 
variety was dividi*d into three blocks, each containing eight randomized 
idots (Table 6). The treatments Avere next apjdied awd the soil of the plots 
Avas inoculated using the soil-inoculum technique (7). Frequent irrigations 
and the occasional use of a system of overhead sprinklers kept the field 
AA'et for 10 days. At the end of this time the treatments Avere again applied 
to the plots and Avere folloAA’ed by a light si)riiikling. The planting (*onsisted 
of 24 plots containing 240 fdants. The fruits on 238 plants were counted 
and read for disease. Fruits AV^ere divided on the basis of whether they 
Avere in contact with the ground or aboA^e tj:e ground (Fig. 1, C). Fruits 
resting on fruits in contact Avith the ground were considered in the ground* 
(‘ontact group. A total of 11.385 fruits AA’ere record(‘d (m tlie basis of health 
or rot; 5,348 of these Avere in contact. Avith the ground and 6,037 Avere above 
the ground. Readings Avere made 30 days after the ino(*ulation. The re¬ 
sults are in table 6. 

Analysis of transformed data (2, 8) given in table 6 indicates that 
Avhere fruits Avere iji contact Avith the ground, all treatiiu^nts except Nos. 
4 (10 per cent Basico])) and 5 (10 j)er c(*nt tribasic* copper sul])hate) gaA’c 
a highly significajit control Avhen compaivd AAuth the untreated (*heck (No. 
8). The percentage differences betAveen treatments 4 and 5 and tlie control 
were nonsignificant. 

Where only fruits above the ground are considered, one ti-eatiuent. No. 
2 (5 per (‘ent YelloAV (hiprocide ' tah ). gaA'c signifi(*antly more healthy 
fruit than the control. 

If fruit totals are considered, irrespective of itositiou on the plant, all 
treatments except Nos. 4 (10 per cent Basicop), 5 (10 per cent tribasic cop¬ 
per sulphate), and 3 (10 per cent YelloAV Ciipna-ide), gaA'e highly signifi<'ant 
increases in healthy fruit (»Avr the control. Tr#*atm(*u1 No. 3 (10 per <'eut 
Yellow Ciijn’ocido) aaus sigjiificantly Itetter tliau the control. The diffen*- 
enees betAveen tr(?atnnmts 4 atid 5 and the eontrol were not significant. 

Use of Copper ^uJphatf in Irrlffitfion Wafer. —^Muller (10), Avho made 
his observations iii the Netherlands East Indies on a foot rot of black j)ep|)er 
(Piper nigrum L.), recoiumended the use of a indwork of .shalloAV drain 
trenches to preAHUit iijf(*ction by Vln/fophthora pahuivora var. pipa'is. 
When infection occnirrcsl in one of the sqna?*es isolated by trejiclies, Muller 
recommended that the diseased jdants la* watered Avith 5 to 10 liters of a 
1 per cent solution of (‘Oi)per snlpliate per sejnare meter to prevent si)read 
of the disease. 
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TABLE ().—Effect of chemical treatments for the control of tomato fruit rot on the 
Landreth variety, lies nits are given as three-plot averages of pcrccntaoes of 

healthy fruits ' ' ^ 


percviitagfs of hoaltliy fruit 


No. Troatnicnt OIl^rl•oulld Aboveground Total 




Aetna! 

Trans¬ 

formed'* 

Actual 

Trans¬ 

formed 

Actual 

Trans¬ 

formed 

1 

5 per cent Yellow Cupro- 
ciile^ 

00.71 

51.45 

98.58 

8.5.90 

82.10 

05.30 


an jier cent Clierokeo clay, 
dust 







>> 

n ]»er cent YelloAV Pupro- 
cidi‘, 

^6r>.4S 

54.52 

99.14 

85.05 

85.00 

00.20 

- 

lb") per cent talc, dust 

10 jier cent Yellow Cupro- 
cide, 

90 per cent talc, dust 

.“>9.11 

50.2S 

97.<>(» 

81.55 

77.82 

62.00 


4 

l(t p<‘r cent Basicop, 

90 per cent talc, dust 

4S.04 

4.5.87 

97.4 s 

SI.01 

72.09 

58.57 

0 

10 per cent Iribasic copper 
sulphate, 

90 per cent tale, dust 

4lm;7 

40.75 

98.11 

82.45 

71.93 

58.17 


b 

lU j>t*r cent cofiper oxy¬ 

(hi.59 

52.97 

98.19; 

82.09 

82.57 

65.38 


chloride. 







90 per cent talc, dust 







7 

4-4-00 Jiordeaux mix¬ 

7o.;is 

57.15 

98.52 

85.48 

83.17 

06.02 


ture, spray 







s 

Control, no treatment 

:i2.05 

54.18 

95.57 

78.71 

05.45 

54.05 

DiflFcrence re(|uired for Hignifuance 







5 

per cent level 


11.52 


0.25 


7.74 

1 

per cent level 


15.71 


8.04 


10.74 


a Aetiial jKMTeiitaj?e8 tvjiiisfornied to \allies of ]» as siii- of fi hy use of Bliss ’s tables 

Jm ii trial in 1944, lo dflermine the value of CuSOj in 

irrigation water as a etaitrol for Phgtophfhffva capsid, a small plot was 
])lanteil with tomatoes of the LandretJi variety. Inoculation of the soil was 
hejrnn durinjr cool weather (September 7) since fruit development had been 
very late. A total of eijrht Bio-foot rows Avere used in the study. Each of 
four rows was treated with oi ])ounds of CUSO 4 and four rows were held 

TABLE 7 .—Effect of the addition of copper sulphafi to irrigation water for the con¬ 
trol of tomato fruit rot. Jt* suits are given ns four-glot avt rages of healthy fruits har¬ 
vested 


Average percentage of 


Treatment of irrigation water 

healthy fruits 


Actual 

Transformed 

(’uSO, added to irrigation Avater at rale of api»ioximatoly 4 
pounds pt*r lOi; feet of row 

Control, no CuSO^ added to irrigation Avater 

97.40 

89.94 

81.42 

71.73 

Biff, required for siguiOeanco at 5 per cent level 

Biff, required for signiOcaiice at 1 per cent leAel 


5.61 

9.30 
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as controls. Copper sulphate treated and eoulrol rows were separated by 
two-row buffers. The fruit on the first 10 plants of each row were harvested 
and read for disease. A total of 80 jdants bearinj^ 11,040 fruits were read. 
The results are in table 7. 

The data show a highly significant increase in the average percentage 
of healthy fruits harvested in favor of the CuSO^-treated lots. The actual 
average percentage of healtliy fruit harvested for the control plots, 80.94, 
is a very high figure, indicating only light infection. 

Kcsiataiirr io Tomato Fruit Hot ,—Of all the coiinnercial varieties of 
tomatoes tested to date for i-esistance to tomato fruit rot, none have sliowji 
any consistently resistant inactions. In 1942,120 (‘ommercnal varieties, lines, 
and tyj)es were tested in tlie field in small hloc'ks. Only a few of these lines 
showed any ju'omise. Although not very cojisistejit in its reactions, the 
variety Porter apjiarently has some resistance. 

The fruits of all i)lants being tested are subjected to a laboratory test. 
All fruits are inoculated by jdacing drops of water containirig swarmspores 
on their noninjured stylar ends. The stylar end is snbjet'ttHl to infection 
because fruits generally api)ear to be im^'re resistant to infection at the 
calyx end (12). Fruits are then incubated and treated as })reviously de¬ 
scribed. Only those having definitely arrested lesions are consideied re¬ 
sistant. These studies have not progressinl to the piant where any detinite 
statements regarding resistance can be made. 

SUMAIAKY 

Cultures of Phiifophthora- raj)slci isolate<l I'j-oni rotting tomato fruits 
formed sporangia in great abundance within 48 hours at 25'’ when 20- to 
60-day-old giant barley cultures we"‘e ground aJid mixe<l with welbmoist(*ued. 
nonsteamed fi(‘ld soil. 

The optimum temj)er;dure for sporangium develoimicnt by these isolat(‘s 
was about 25° C. Sj)orangia uere ncd produced at 18 ' C. or lower temi)cra- 
tures, but occurred readily between 20° and 30° C. Sporangia were not 
produced at 35° C Although abundant moisture is an essential factor, the 
prime recpiisite for an ei»iphytotie is a soil temperature between 65° and 
85° F. 

When water was added to s(»i I-inoculum that had been held at 25° C. for 
48 hours swarms[)ore |)roduction reached its peak in from 2 to 3 hours at 
25° C. 

Earliest infeeti.m of nouinjured green tomato fruits oeeiirred after 
60-mimitc exposure to drops of inoculum c'.outai)iiiig swarmsj)ores, at 25° 
and 30° C. Infection reached its ])eak after 180-minute exposure at 25 aud 
30° C. Exposure of fruits to swarmspores at 10° (\ for 5 hours resulted iu 
infeetmu. studies of swannspore activity showed that the time re(|uired 
to prodiKJe infeetion was correlated with tlie time reepured for swarmsi>ore 
germination. 

The rapidity of sporangium formation at optimum temperatures and th(‘ 
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release and germination of swarms]mres indicate lliat eonti-ol measures must 
be applied earlj' if they are to be effective. 

Tests on cultural practices for the conti*ol of fruit rot showed that mulch¬ 
ing wdth straw or staking resulted ni more lieaJthy fruit than corresponding 
(controls (1 per cent level of significance). Ridging produced significantly 
more healthy fruit than tlie controls (5 per cent level of significance). 

Studies on the us<‘ of fungicidal dusts for the control of fruit rot .showed 
tliat where fruits in contact with the grouiul were considered, 5 per cent and 
10 per cent cuprous oxide and 10 per cent copper oxychloride gave highly 
significant (1 p(M' cent level) control. Bordeaux spray 4-4-50 also effec¬ 
tively controlled the disease. 

Prelimijiary stmlies on the additioJi of CuS <)4 to irrigation water at the 
time of soil inocidation, indicated a highly significant degree of control. 

Of 120 (‘funmercial varieties, lines, and types of tomato tested in the field, 
ti few' lin(‘s liave shown slight j>romis(* in resistance studies. 

CoiiOi<AD(» AcmicrLTiruAL Exdekiaiknt Station, 

Fort Follins, C(»loraik). 
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HOST-PARASITE RELATIONSHIPS OP THE ROOT-KNOT 
NEMATODE, HETBRODERA MARIONI. II. SOME 
EFFECTS OF THE HOST ON THE PARASITE* 

J f: s S E K . C II R I s T I E 

(Accepted for publication JanuaTV 21, 194(>) 

The feasibility of jrnnviiiji: a particular crop on lajul iiiiested with the 
root-knot nematode, Ileicrodera marioni (Cornu) Goodey, depends, in most 
instances, on two factors: (a) The extent to Avhich the crop in question will 
be injured and yield thereby reduced and (b) the amount of residual soil 
infestation that will carry over to infect the followiiijr crop. Tlie first fac¬ 
tor will be determined, primarily, by the effects of the parasite on the host 
and the second factor may be determined, to a considerable extent, by the 
effects of the host on the parasite. These effects of the host on the ])arasiie 
become manifest in various ways, c.r/., by th(^ rate at which the nematodevs 
develop, by the extent to which they ^levclop, by the ])ercenta«fe of females 
that reacli maturity, and by the inimber of ep:^s laid by these females. 
However, tJiese are not distiind and independcjit manifestations but are, to 
some extent, interdependent. 

Development of the root-knot nematoile is inflneiiced, of course, by 
environmental factors other than the liost, of whiidi temperature seems to 
be the most important. Demonstrating’ the effci-t of this factor, Tyler (5^ 
found that in tomato, ^rowii in soil at 27 " (\, IC to If) days elapsed from the 
time larvae entered the roots until females bepin to lay e^jrs. When the 
plants were grown in soil at 24*^ C., this interval was 25 to 27 days, and at 
15.5^^ C. it was (57 days, Dciaonstratiug tlie effects of the host on parasite 
development, Godfrey and Gliveira (3) found that in cowpea, grown at a 
temperature permiiting i*apid development, the interval between penetra¬ 
tion of larvae and first deposition of eggs was 19 days, but that in pineapple, 
grown under identi(*al conditions, it was 35 days. 

Tsiiig pofuilation 8 (»f the root-knot nemat<.de (see Table 1) and grow ing 
the plants in a greenhouse where the temperature averaged slightly below 
optimum for rapid development of llie parasite, tlie writer found that in 
common toba<*eo {Sivoimni iabacum L.) about 20 days usually elapsed 
from the time larvae entered the roots until females began to lay eggs. In 
turnip {Brassica rapa L.), grown under idimtical conditions, this int(*rval 
was increased by 8 or 10 days but most of the females eventually reacluMl 
maturity and egg output was not noticeably less than in common tobacco. 
In Nkotima mejjalosiphon Ileurck & Muell. Arg. development was mucli 
slower than in tiirnij), only a few females (probably less than 1 in 50) over 
reachen maturity and those that did laid mueh few'er eggs than in common 
tobacco. Tn X, Viv. development was retarded more than 

in X, megaiosiplwv and only a few parasites ever passed the molting stage, 

1 For the first paper of this sories see literature cited (2). 
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A meticiilons examination of the entire root system shown in fi^nire 2 re¬ 
vealed only one eg^-laying female, a trausliieent, ill-nonrished individual 
about one-tliird normal size, that had deposited 7 eggs. In Croialavia spec- 
tahih\^ Roth, development progressed even slower tlian in .V. plumharjinifolia 
and no parasite was seen that had passed the molting stage. Larv ae entered 
the roots of all these plants freely but with C. spevfahilis moderately swollen 
root tips were about the only maeroseoj)ie eviden(*e of infeet ion. With 
N. mcpnlosiphon and A'. plnmhaniniforKi, on the other liand, galling was 
only slightly less eonspieuoiis than with eoninion tobaeeo (Fig. 2).'^ These 
ditferem-es in parasite development resulte<l from interaetions between the 
same race of nematode and ditferent host })lants but it fwenlually became 
obvious that (‘(pially ])ronouuced differences may result from interactions 
between ilifferent races of the parasite* and the same host plant. 

Reported in this i)ai)er are the results of several exi)erimeuts to ascertain 
the effects of the host on the i)arasite, especially on rate and extent of devel- 
opmejit. Su|)plementijig these experiments are the result.s of certain obser¬ 
vations, demonstrating, to some extent, lio\\ these effects of the host on the 
parasite may infimnu'e the building up and maintenance of nematode i)opu- 
iations. 

PROCEDERE 

One object of the i)roceduve employed was to control or e»p.ialize. so far 
as possible, factors other than host that influence the develot)ment of the 
j>arasi1e. TJiis was accomplislied, at least To some degree, by so arranging 
the ex]>eriments that the various dates wlum the plants representing one 
liost-j)arasite ('ombiuatiem were infected corrcsj)omliHl ap}>roximately with 
the dates AvJien the j)lants representing another host-parasite combination 
Avere infected; by gr(»ANing the plants siiiuiltaneoiisJy in the greenhouse; 
and by secMjring data on a l•e|)re.sentati^ e .sample of tlie parasites liarbored by 
eacli ]>lanT. Air teinperatun*s in the irreenhouse Avere 18^ to 21"^ C. during 
the night and 24^ to 27 (\ during the day. 

A’# mntoilr p(f}fuUitioi{s usvtl. In tJie previous ])aju*r of lliis series (2) the 
Term po]>ulation Avas u.s(‘d to <lesignate “an aggreuate of individuals of the 
root-knot nematode tlie progenitors of Avhicli Avere secured from a single 
plant or from several i)lants (»f the .same kind that grcAv together in the 
same l<»eality.’' Tins use of the term is continued in tlie jirosent paper. 
The manner by Avhiidi the nmnatode.s Avere collected does not preclude the 
jmssibility that a pojiulation includes more than one race but c<uisiderable 
Avork Avith these populations has failed to i)roduce any very convincing 
evidence that such is the case. llowcA’cr, methods for identifying and dif¬ 
ferentiating rai'cs liave not been perfecte<l. Tlie differences betAveen some 
races are very ]n’onounced and easy to demonstrate but to difterentiatt eA'ery 

^ The nlality <»f S to produce g;tlls on Xirotiaym phtmhof/inifolia may bo 

somcAvlint unusu'ul siiwr the writer has ioarnod through personal i-ommuiiication Avith Pr. 
F. E. Piaytuu, Division of Tobacco, Medicinal, and Special Crops, that this plant has 
been grown in heavily inftssted soil of several hwalitu's in tin* southeastern states yet 
appreciable galling has never been observed. 
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race from every other race is a task that will be neither easy nor quickly 
accomplished. The designations and origins of the i)opulations used in the 
following experiments or referred to in the discussion are given in table 1. 
It should not be assumed that the plant from which a particular race was 
collected is an esj)eeially suitable host for this race or that the I'^lant will be 
found more commonly infected by this race than by some other. The writer 
has had under investigation 6 pojnilations from potato {Solanum tvbfrosnm 
L.) each collected in a different locality. These 6 populations included 5 
differcjit races. l*otatoes become infected with whatever race happens to 
occur in the region where they are grown and undoubtedly the same is true 
of inaii 3 ' other plants. For example, there is no reason to assume that ]k> 1 )u- 
lation 6, by virtue of the fact that it was collected from sweet potat(» {Jj^omta 
haiaias (L.) Lam.), occurs more commonly on this crop than population 8. 
AVhether this is or is not the case depends on which population ha|)p(‘ns to 
be more widely distributed in the sweet-potato-growing regions. 

TABLK 1.— SfHO'ccfi ami ilrsionaliotis itf the root limt nrmaUxlr populalitnifi 


i 

6 

p 

Original host 

liimoral locality whore 
ool looted 

lA 

Alfalfa 

Slmftor, (’alif. 

o 

'( /Oltoil 

Shaft(‘r, Calif. 

:ii3 

Potato 

llarlingtm, Tv\. 

HC 

do 

Tampa. Fla. 

3D 

do 

liong Island, N. Y. 

4 

Peanut 

Pitt (’o.iinty, N. C. 

5 

Parsnip 

Palls Cliiiroh, Va. 

0 

Sw('ol potat(» 

Poltsvillo, Md. 

8 

Tomato 

(tn'oiilumso, P.oltsvillr, Aid. 


hwculahan of plants. Soil and jmts useil for growing the plants were 
autoclaved 30 to 40 min. al lo lb. pr»*ssure. Small h(*althy plants, s<‘run*d 
hy sowing seed or ])y some suitable method of vegetative pro])agation, were 
set into thumb pots. Each plant vas allowetl to grow until a loost' network 
of roots had formed over the inner surface of th(‘ pot aiul the plant could 
be removed with tljc root system and soil mass intact. AVith the aid of a 
pipette the inoculum (a suspension of viable larvae in water) was applied 
to [he sides and bottom cd the soil mass and the plant returned to the pot. 
After 24 hours the plant, was again removed and all the soil washed away 
from the rocbs. ashing was done carefully to jivoid injuring the roots, 
but thorougidy to remove all larvae lliat liad not already j)enetrated. The 
plant was then reset in a larger pot, watered, and shaded from bright sun¬ 
light for the first day or two. When the roots of the plant were subsefpiently 
txamined the age of the j)arasites, i.f ., the length ol tiuu* thev had been in 
the rootr. was known to Avithiii the limits of 24 hours. 

Examinatmn of plants. Each plant was removed from tin* ])ot, the soil 
washed from the roots, and the entire root system treated with laeto-])henol. 
The technic was essentially the same as that deseribed by Melhdii, Taylor, 
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and Smith (4) cxcejit that Sudan IIT replaced acid fnehsin as a stain. This 
treatment clears and softens the roots and stains the iiarasites, makin" them 
easy to see and to remove. A small ])ortion of the root system was clipped 
otf and examined under a ]ow-])owei% dissecting microscope. So far as pos¬ 
sible every parasite contained in this portion of the root system was dis¬ 
sected out and its stage of develojnuent determined and recorded. Another 
portion of the root s 3 ^stem was then examined and the operation continued 
until 300 i)ai*asites had been counted and recorded or until the entire root 
s.vsteiii had been examined. One plant was used for (*acli count. 

Data Vf corded. The ]>arasites were classified into 5 groups based on the 
amount of develojuiiejit undergone, flroup A includes larvae from tiie 



FuJ. 1. dHnij>s .V tliroiigli 1. into whirli the ]>arasii<:'s wk'I’q clMssifiod according to 
iln‘ innoiint dt'cclopiiMMit undergone, 

stage where thoA’ have begun to grow to tlie stage where the,v still possess a 
more or less eonical tail (Fig. 3, A). Group 1> includes larvae from the 
stage where tlu\v have aetpiired a more or less liemispherieal posterior end. 
terjiiinatetl In* a spike, to the stagt* Avhere tiuw are about to eomplete the 
filial molts (Fig. 3. B). Group C includes females from the stage where 
tlu\v haA’e completed the molts to the stage Avliere the.v are almost, though 
obvious]}^ uot (juite, fully grown (Fig. 3. C). Group D iiiehides females 
that are full.v grow’ii or almost fully grown but have not yet laid eggs (Fig. 
1, D). Group E ineludes egg-laying females (Fig. 1, E). 

l^eeauso the separation of grouii A from group B and of group C from 
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group D depends on artifieial cdeavages in a graded series, some inconsis¬ 
tencies in placing borderline individuals were unavoidable but the error 
thus introduced is not sufficient to alter the final picture materially. Sudan 
III, as used in tlie technic, does not stain larvae tJiat have undergone no 
development and if such occurred they are not iiudiided in tlie counts. 
Adult males were omitted; metamorphosing males were i)laced in group B. 

In the first experiment (Table 2) only 50 ])arasites from each i>lant were 
recorded and no distinction was made between fully-grown females tliat 
had, and those that had not, laid eggs. It became obvious, however, that 

TAHLK 2 .—Comporafivfi flcvvlojtmcnt of Hit roof-L'iiof ftnnafodt (popitlalion in 


Ce rtain varieties of sweet poUifot s 








Period of 

N undn*r 

of parasites in 


development 


each group 


I’laiit 




- 


- 


juieeted 

A 

B 

V 

D&K 

Total 

1 pomoea batatas (L.) Jjaiii., vjii i<‘tit*s 







Triumph 

A>ig.-I-.A 

1 » 


12 

o 

.AO 


a 

17 

12 

\r> 

r»o 

l*()rto Rico 

do 

Jo 

2 :^ 

J4 

a 

Al) 


o 


<5 

7 

;i4 

AO 

X:nic\ Gold 

do 

- 

i<; 

17 

10 

50 

r» 

0 

1 


40 

50 

R(‘d Brazil . 

do 

<• 

y. 

9 

36 

AO 


- 

n 

0 

0 

r>o 

AO 

Jersey Big Stem 

Aug. .A-Ci 

o 

:) 

1 <> 

31 

AO 


0 

2 

I 

41 

AO 

Florida 

do 


i 


27 

AO 


r» 

0 

r 

•) 

47 

.AO 

r.S. No. 47442 

.lo 


!» 

12 

27 

A(» 



(» 

o 

7 

41 

.AO 

OiMiigc Little Stem 

Ang. <5- 7 :: 

;; 

;; 

0 

0 

6 


.A 

0 

4 

4 

0 

S 

Nancy Hall 

do '5 


1 » 

IS 

21 

AO 



0 

7 


40 

AO 

^fameyita 

Aug. 11-12 

.> 

>< 


7 

.AO 


.A 

o 

22 

21 

" 

.AO 


50 was not an ade(juate I'limber of ]>ara.sites ami that the data would be 
more informative if egg-la> ing females Avere ]dac(‘d in a separate group. 

Short time intervals Avere used in the first e.xperiment lest results be 
iiiA'alidated by the inclusion of secojul-generation larvae. In subsequent 
experiments 6-\veek and, finally, b-Aveek intervals Avere included. That 
second-generation j)arasites Avere not enconnterei] is aj)par(*nt from an 
examination of the data. 


EXUERIMENiWL TtESI LTS 

Results are shoAvn in tables 2 to 7. In the experiment Avith swe(‘t pota¬ 
toes (Table 2), parasite development of population 8 Avas most rapid in Red 
Brazil though only slightly more s(» than in Xam-y (iold. Jersey Big Stem, 
Florida, TJ.S. No. 47442, and Nanev liall. DeAelopnnmt Avas rc^tarded in 
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Maineyita and, to a Jess ile^aw, in Triumph. Orange Little Stem aecpiired 
few parasites but the cuiulitioii of those present su^^<rested that development 
was somewhat retarded in this variety also. 

Reference has already been made to the different rates at Avhich popula¬ 
tion 8 developed when common tobacco, turnip, Nicoiiana niegalosipho-n, and 
j\’. plitnibayivifolia, served as hosts. These differences are clearly indicated 
by the data in table 3. AYhcji deve]oj)inent stoi)s, the parasite soon becomes 
traiislucenl and, (*ventually, can no lon^^er be recojrnized, which is j)robably 


TABLK 3. — Compurutirv d* vth 

ffpimnl of ihc root-knot 

ntmnlvde (populations lA, 

/, intd A) in v( riam 

srfptihft 

and in end:ain ‘ 

^resistant 

plants 






Period of 


N mu her of purasite.s in 

IMjint 


develop incut 



eucli 

ffioiip 


No. 

- —-- 




- 

- 


. 



A 

V. 

C 

I) 

E 

Total 



irfrks 







Xirotiana iahavnw T.. 










vnr. (h»ia l)oll.‘»r 


Au^. 1S-U» 

4 

0 

4 

13 

a3 

20 

luo 


s 

Auj*. .il-Scpt. 1 

4 

0 

4 

2‘d 

48 

19 

100 

Jirossira ra]»a L. 










var. Purple tup Stiu}* le;il 

s 

Aut;. 1S~-1P 

4 

II 

13 

03 

22 

0 

100 


s 

do 

(i 

0 

o 

11 

2G 

G1 

100 

.Y ico(iann infaaloftiphon 










Hourek & Muell, Arjr. 

s 


4 

]3 

70 

17 

0 

0 

100 


s 

do 

a 

2 

5‘d 

33 

5 

1 

100 


s 

Sept. *J-3 

8 

1 

24 

7 

3 

0 

35 

iViindiana plninhaqutif^^ha 









Viv. 

S 

Auj;. 

4 

Go 

1 

0 

(I 

0 

aa 


s 

do 

a 

0 

0 

0 

0 

(1 

11 

Lantana ranmra L. 

s 

Au^. .’Jl-Scpt, J 

4 

f) 

G 

0 

0 

0 

0 

lantoninm ortn t o// n.< 

lA 

dun. a-Id 


3 

0 

0 

0 

0 

:> 

J.'iler. 

j 

do 

a 

0 

(1 

11 

a 

0 

(1 


1 

dun. 1-2 

a 

0 

] 

o 

14 

0 

17 


s 

do 


0 

0 

0 

0 

0 

II 

Sf Nf <‘io cut^nirid l>r. 

1 A 

.lull. is-n> 

a 

].") 

4a 

f iti 

a 

0 

lOil 


:: 

do 

0 

0 

o 


•■> 

.> 

p 

Ararhis U^jinpom L. 








0 


\;ir. ^ irjy:ini:i TOnmev 

].\ 

V\‘h, l-'J 

a 

jr, 

4r. 

0 

11 

an 

•J 

• )o 

a 

a 

ja 

II 

0 

0 

22 


\ 

d(» 

a 

e 

1 

r ) 

p 

87 

100 



do 

a 

II 

n 

II 

II 

0 

II 

, _ . . 





-- 

■ - 


- 

- -- — 


the !•^*^^son why no ])araNite uas found in the G-week j)laut oi A. jjI arahagtni- 
foUa and is ])nssibly the ri'ascm why so few were found in the 8-week plant 
of N. mi'(iaiosiphoa. Tliat the same host may affect the development of 
different ractvs of llm parasite in a different manner is shown by the results^ 
with peanut i Table 3). (See also results with cotton, Gossijpium hirsuium, 
and alfalfa, Mfdii'aijo aalira 1.., in tables G and 7.) 

Population 8 dev<'loped at about the same rate in each ot the vai ieties 
of beau {Phasrolas raJparis LA tested (Table A) Avith the probable excep 
tion of Alabama No. 1 ou which, unfortunately, restdts are incomplete. 

The averajie rale of development in Tovaxacuai Jxok-sacjhyz Rod. AA’as 
about the same for ea«*h of tlu* piijmlatioiis used (Table 5) but with 2, 5, 
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TABLE 4 .—Comparative development of the rootAnot nematode {population 
S) in certain varieties of heans 


TVriod of Ximihor (»f parsisitos in 



development 



each y^roup 


Pljint 










Time 

A 

B 

C 

D 

E 

Total 


J*]iasrolus vulfjaris L., viu'ietics 
Striiigless Green Pod 

lOU-Jd 

iCrrks 







D<‘e. 28-29 

t 

4 

12 

37 

27 

0 

100 


Dec. 31-Jan. 1 

6 

0 

0 

0 

o 

98 

100 

Ca-seknife 

Dee. 28-29 

4 

6 

20 

46 

28 

0 

100 


l)(!c,. 1 

6 

n 

0 

0 

2 

29 

31 

Bountiful . 

Dec. 28-29 

4 

6 

14 

76 

4 

0 

100 


Dee. 3J-.)aii. 1 

6 

0 

.1 

.3 

1 

92 

100 

Plentiful . 

D(*e. 28-29 

4 

4 

20 

76 

U 

0 

100 


Dee. :U-.Jaii. 1 

T) 

0 

4 

.3 

7 

8 4 

100 

J*into (650) . 

Dec. 28-29 

4 

4 

3 / 

55 

4 

0 

100 

Dee. 31- Jan. 1 

6 

(» 

0 

0 

1 

36 

57 

Davis’ White Wax 

Dec. 28-29 

1 


43 

43 

9 

n 

100 


Dec. 31-3 an. 1 

<; 

0 

0 

0 

S 

92 

100 

Dwarf Horticultural . 

Dec. 2«-29 

4 

i:; 

43 

2 4 

0 
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82 
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0 

0 

0 

14 
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«; 

2S 
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0 
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2 

1 


94 
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ami 8 consistently fewer parasites eiiteml the j>laiits than with lA. Tl)is 
difference was ev(*n jireater than tlie tahh* imlicat<*s hfraiise totals of less 
tJian 100 represent all the parasites harliored by a plant while totals of 
100 do not. In previous experiments with T. I'oh sotjlnfi lii-own from set‘(L 
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results suggested the possibility that individual plants differed in their 
relations 1o the parasite. In view of these previous results it is iiiterestiuL^ 
to note the eonsi)i('Uous <levelo])inental la**’ that lufcurred in one of the plants 
infeeted with ])opulation lA (Table 5). 

Larvae of po])ulation lA (*ntered the roots of cotton freely but develop¬ 
ment was sharply retarded and was not much more advanced at the end of 6 


we(‘ks than at the end of 4 weeks (Table 6). The development of popula¬ 
tion 2 was moderately rapid. The development of population lA in alfalfa 


(Table 7) was about the same as 

tlie development of poi)ulatioii 

2 in 

cotton 
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(hr root-knot nematode (poindali 

on ft IJ 

and:::) in rot ton ininrtu (Juki 
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but 2 failed to infeet alfalfa to any appreciable extent. This failure is not 
surprising since larvae of t>ther populations have failed to enter the roots 
of certain i)lants, or have entered in very small numlM*rs, but the development 
of the few parasites <»f population 2 found in alfalfa does not a])pear to have 
been aj>preeiably retarded. Differences in the number of parasites har¬ 
bored by the different i)lants in this and other exi^erimeiits w’ere due, in 
some measure, to differences in tin* number of larvae to which they were ex¬ 
posed. Furthermore*, the root sy.stem of alfalfa seedliujis is less branched 
and has fewer root tips than that of many plants, and the roots irrow down¬ 
ward and coil in the bottom of the pot. It was difficult to iiitect altalla 
Avith au ade(|uate !iumb(‘r of imrasites regardless of the population emidoyed. 
However, neither the I'haraeler of the root system nor the number of larvae 
to 'whicli it was exposed can aeeouiit for the almost complete failnro to infect 
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alfalfa with population 2. Tliat this population included more than one 
race is, admittedly, a ])c)ssibility. 

SrPPLEMENTAKV OBSERVATIONS AND DISCUTSSTON 

Many plants are rejjiardod as ‘‘resistant/’ not because larvae fail to 
enter but because tliey fail to develop after entering. Barrons (1) ioiind 
no sifoiificant tlifferenre* ])etweeii the mean juimber ot lai’vae per rootlet in 
such “resistant" plants as corn {Zca uiatfs L.), oats, rye, onion, emtalaria 
(Crolalaria siHcfahilin)^ and bean (var. Alabama No. 1) ami such “siiseej)- 
tible” plants as eowpea (var. Cream Crowder), okra, bean (var. Kentucky 

TABLE 7 .—Comimrafive dcvt fopmt n! of ih* rontdcnot ncviotodt {poindnloms JA 
and in alfalfa 
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Wonder^ and tomato, when all were e<|iially exposed to infection. Hesults 
from the in-eseut exi)eriments indicate. Jievertheless, that larvae do not enter 
the roots of mhuc plants as readily or in as large immbers as tliey do othcT's 
and the existence of jdants imnniiie to invasion, at least by some races, seems 
a likely possibility. 

The inoculum ]>otential of the soil may be ijifluenced, no doubt, by many 
factors but it is directly de])cmlent, initially, on tlie egg production of tlu‘ 
parasites. Conspicuous galling on the roots of a crop may not be an in¬ 
fallible iiidicaticm that a following ei-(.p of the same kind will be equally 
affected. Subsequent generations of the parasite develop from eggs, not 
from galls. A plant may liave galling of considerable seviu’ity y(*t develop¬ 
ment of the parasites may be sufficiently retarded to result in a i)ronounced 
reduction or. in some cases, an almost (*oni]>Ictc suppression of egg-laying 
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Hiid this will be reflected, eventually, by n eorrespoiidino- deeline in soil 
infestation. It is erroneous to assume that sueh a detdine cannot occur if 
the crop is one of those that have come to be re<rarded as hijjhly ‘^suscep¬ 
tible.’’ No plant is an equally .suitable ho.st for all races. 

The influence of some of these effects of the host on the parasite became 
manifest, unexpectedly, when attempts were made to build iij) and maintain 
different j)opulatious for experimental jnirposes. When tomato {Lycopcr- 
su'um escvlcntum Mill.) was used as a maintenance plant the initial siic- 



Ek;. svstt'iii of :« pl.'int Mtofhnia phtmhaijDiifolia that had 

for 61 days in soil infested Avith the root Unot nematode, j»o]nilation 8. 

cess, with a few exi'cptious, .seemed lairly satisfactory but eventuall^ it 
became evident that all populations were not beinor maintained at a hijih 
level. For example, when potato tubers intected with j) 0 ])ulati())i 3D were 
used as inoculum, a very severe infection could be })roduced on tomato. 
When tlh‘ roots of a tomato plant thus infected were used as inoculuui to 
infect another tomato ])lant the resnltinjr inlection was less severe. W itli 
repeated transfers from tomato to tomato the severity of the infeetioii 
deedined until it became moderate to liii:lit. Somewhat similar residts A\ere 
obtained when attempts were made to sejirejiate and build up populations 
from sinjjrle ejJTf; masses, of which the follow inji’ is an interestingr exaiUple. 
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small ])]ants of t'onniion tobac'ro wm*e inoculated by plaeinj^ 
among the roots of oaeli a single egg mass of population 3H, and 8 similar 
plants were inoculated in the sajue manner with population 3C. These 
two populations were known to })roduee severe galling on tobacco and pre¬ 
vious work had given no intimation that tobacco was not (equally suitable 
for, and equally affected by, both. All the plants came from the same lot 



Fig. :J. Koot Hystcmrf <»f pl;mts iiifcctcd willi llu* root-knot niMiintoUo. Whoii 

these plants were small a Niu^rle nematode e^^^ mass was plaeed anion;: tlie roots of each, 
the upper row being infected in this manner with population :5I1 and the tower row with 
population .UJ. Photographed 15 weeks latm*. 

of seedliuffs, wore approximately the same size, were inoculated a1 the same 
time, were potted in the same sized pots iisiii" Ihe same kind of soil, and 
were grown on the same greenhouse beueh. All plants within each grou]) 
grew at. about the same rate, maintaining approximately the same size Imt, 
by the end of 4 or '> weeks there was a A'ery noliccable flitfcrcnce between 
the groups, those inoculated witli population .‘Hi being larger. This dif- 
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foreiiei? was maintained tlirouyhont tlie jrrowtii of tlie plants, eventually 
beeominjr veiy eonspieiious. After 15 weeks all plants Avere removed from 
the pots and the roots waslied free of soil. The dcj^rec of p^alling within 
each ^roiip Avas remarkably luiiform but the plants harboring population 
3C were much morr^ Ijeavily infected and much more severely galled than 
those harboring population 3Ii. The ])liotograplis rejjroduced in figure 
3 sIjoav fairly well the pronounced difference between the groups with 
respect to galling but they do !iot shoAV the even more ])ronounced differ¬ 
ence Avith res[)ect to egg ])roduetion. Egg mass(‘s Avei’e present on the 
roots of the i)lants infected with poi^ulatioii 3n but there Avere compara¬ 
tively few, Avhile on the plants infected Avith })opulation 3C' they were 
exceedingly abundant. AVhen these 2 )lants were inoculated the egg masses 
used had b(‘en selected as being large and of unirorm size but the number 
of eggs i)er t^gg mass aa^hs not detiTiuined. It was conceivable, therefore, 
that the egg masses selected from iK>pulatioii 3C contained a larger number 
of eggs than did those selected from 3R. To secure some indication re¬ 
garding the likelihood that this aars tlie case, eounts Avej*e made subse- 
(piently on egg masses similar to those used to inoeulate the plants. In 
round numh(‘rs, eggs iier egg mass varied from about 300 to 500 with no 
apiiariuit differenee hetAveen populations. 

CONC'Ll'SIONS 

Some jilants an‘ highly suitable hosts for a given race of the root-knot 
nematode and others are highly unsuitable hosts, but most lie between tliese 
(wo e.xtremes and nearly e\’cry degree of suitability may be eneountered. 
Ib‘tarde<l ilevelojmicnt of the jiarasite is a manifestation of unsuitability or 
(if Ave detim* resistance in a plant as its condition of being an unsuitable 
liost) of i’csis1anc(*. Tlu>re appears to he no eorrelation betw^een the suit¬ 
ability of the host and the freedom Avith Avhich larvae enter its roots. ]\Iany 
idaiits that are Jiighly unsuitable are iiiA^aded as freely as more suitable 
ones. Tin* jireseiit experiments indicaie that, even though given an ample 
o])|»ortuiiity, larvae cnt(‘r some plants in A^ery small numbers altliough it 
remains to he demonstrated that any one of the lloAveriiig plants is immune 
from invasion, lh*sults Avith alfalfa raise some doubts that failure ol 
larvae to enter a plant in large numbers caji he accepted as prima facie 
eviilenee of iiusuitahility. There apjit'ars t(* he a dirt'cl correlation be- 
tAve.en suitability of the host and rate ot })arasite tieA’elopmeut and a direct 
correlation between rate of parasite* development and egg production. 
Wliere parasite* eleve*le)pme'iit is emiy sliglitly retarele*el the effeict may he 
little more than to reduce the iuiml)e*r e>f gewrations tliat oeeur in a given 
pe*riod. AVhcu ih*ve*lo])me*nt is more strongly retareleel many e)f the femiale-s 
may noA^er ri'aeh maturity aiiel there may he a reeluetioii in the egg output 
of tliose that elo. In exlremie efasi*s development is almost completely sup- 
j)ressed anel, of e*ourse, e*ggs are not prexluecd. I iisuitabilitx of the host 
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with its various eoiisequoiiees is not luvessarily aoooinpanied by a corre- 
spondiu}? reduction in severity of ‘ralJinjr. 

Plant Industry Station, 

Peltsville, ]\Iaryland 
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TEMPERATURE EFFE(’TS OX THE EXPRESSION OF THE 
YELLOWS VIRUS IN SOUR CHERRIES 

W . I). M 1 L I. s 

(Accepted for publication January 30, 1946) 

The virus yellows of sour ehoiTies iias lonp: been present in New York 
State oreliards. Stewart (9) aeciirately dCvSeribed the symptoms. Restated 
that the trouble oceuri*ed oeeasionally in sour cherries and ascribed it to 
‘‘unfavorable soil and weather c(»nditions.’’ The disease has been reported 
ill The Weekly N<^ws Letter^ as occurriiifi; in varying amounts since 1921. 
Crosby, Mills, and Blauvelt (1) described the disease as a physiological leaf 
drop “apjiarently correlated with winter injury” in their bulletin and in 
subse(|uent annual revisions until Keitt and Clayton (6, 7) demonstrated 
that a bud-transiiiissible virus was responsible, after which it ivas referred 
to (2) as virus leaf drop. Hildebrand and Mills (5) reported that the 
yellowing and dropping of leaves caused by the virus yellows was prevalent 
in New York during 1928, 1931, 1935, 1937, and 1938. This report was 
based on the plant disease rei'ords of the writer for the years 1928 to 1940. 

Subsequent studies have been made of The Weekly New\s Letter and 
the fruit disease (piestionnaires, wdiieh have been filled out annually in the 
comnH*rcial fruit-gnnving counties since 1931. These records indicate that 
ill 8 of the last 25 years the symptoms of yellows have been unusually 
severe. Thesi* years were 1921, 1927, 1928. 1931, 1938, 1941, 1942, and 1945. 
Distinctly less yellows occurred in 1935 and 1937 and these tw'O years were 
pla(‘ed in the moderate grmip after carefid study of the available records. 

Ilihlebrand (4) slated that virus yellows symptoms were obscured by 
defoliation from fungus leaf spot in 1943. It seeitis evident that some other 
factor than tlie iiicidmice of cherry leaf spot {Ctn'cowjfvra JuvmaJts) must 
be sought to explain tlu* variatimi in the amount of the yellow’s sym])toins 
during the last 25 years in this State. During the 8 sejiarate years when 
yelhnvs symiitoms w’tuv nnusually severe, leaf spot w’as severe in 3 years, 
slight to moderate in 2 y<‘ars. and very slight to a trace in 3 years. In the 
lb years when the yellows synqdoms were less intense, the leaf sfxd w'as 
severe in 4 ytNii's, slight to moderate in 7, and vei*y slight to a trace in 
5 years. 

A p(»ssible explanation for the wide variation in the ex|)ression of the 
yellows virus from year to year in the orchard appears in tiie greenhouse 
experiments of Keitt ami Moore (8) who found tliat there is a masking of 
the yellow’s symptoms when trees whieli have been budded with intected 
buds are held at higli temperatures. Yellows symptoms Avere freel) ex¬ 
pressed ill the budih'd trees held at 16" C. only one budded tree 

show’ed tlie symptoms when held at 20*^ C. (1)8^ P.), and no trees budded 

I The Weekly News Letter is a miincographed c(uii}»iIatio!i of Aveekly reports ou dis¬ 
ease and insect development in Nt*w York State, issued since 1919. 
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and held at 24® C. or 28® C. developed the yellows symptoms. These data 
indicate that partial or complete masking ol! the symptoms occurs when 
the tem])eratnre rises mueli above 61® F. 

The records mentioned above Avere tabulated for Montmorency cherry 
orchards near Lake Ontario to shoAV, for each of the last 25 years, the date 
of tlie beginning of bloom, of the i)etal-fall stage, and of the first appearance 
of the yellows symptoms. From the climatological data of the Kochester 
office of the Thiited States Weatlier Bureau, the mean temperatures w^ere 
determined for 10-day periods in relation to tlie petal-fall stage for each 
year. Figures for tlie 8 years Avheii the yellows symjitoms w(‘re most 
severe wei-e placed in one grouj), and figu/es for the 17 remaining years Avere 
in a second group. The two groups Avere them treated statistii'ally to 
determine Avhether any significant difference exist(»d frir any of the ]()-day 
periods betAveeii the years Avhen yelloAvs syjiiptoms Avere strongest and tlie 
years Avhen the symptoms Avere less pronounced. In table 1 the mean tem¬ 
peratures for the various ])eriods are given for the 8 years of cons]>icuous 
yelloAA’s symptoms and foj* the J7 velars of lighter .symjitoms. The F values 
and the odds are included to shoAV the relatiA'c significance of tin* difTerenc(‘s 
in mean temperatures. It Avill lie noted (Table 1) tiuit tlie mean temjiera- 
tnre for each period Avas always loAAer for the years when lieaA’v yelloAVS 
symptoms occuiTed than.for the years of lighter yellows expression. Tli(‘ 
first, second, and third 10-day periods folloAving the ptdal-fall .stai:e shoAV 
a very signifieantly Ioaa’cv temperature for the y(»ai*s of si'vere yelloAVs. The 
10-day period preceding the ])etai-fa)l stage and the period 31 to 40 days 
after the petal-fall show only a jirobable siirnificant decrease in mean tem- 
lierature for the years of .seATre yelloAvs. A"ari(*us 20- and 30-day jieriiKls 
in relation to the petal fall are ricluded in table 1. All but one of tluse 
periods show' a very significantly loAver m»*an temperature for tlic years 
A\dien the yelloAvs AAas inost seA’ore. As might he expected from the differ¬ 
ences shoAvn by tlic 10-dav ]>eriods, the 30-da> jieriod foIloAving the jxUal 
fall sliow's the most significant differences in timiperature as indicatiMl by 
the highest F value of 33.01. 

Before the temj)erature records Avere comt>iIed, it was n(»1ed tliat the 
years of earliest cheny bloom Avere also tlie years in Avhieli the nio.st scA'cre 
yellows ap])eare(l. Tlie average number of days afhn* April 10 for the 
beginning of bloom Avas 18.12 for tlie 8 years of heavy yellows and 32.41 
for the 17 years of lighter yellow's Avith a Jiigidy significant F value for 
the difference of 20.85. In other words, tlie average calemlar date for tlie 
beginning of f>loom in the 8 years of hviwy yellows was Api-il 28, Avhich Avas 
very significantly eai-iier tiinn May 12, Uie average date foj* tla^ years of 
lighter yelloAvs symptoms. The average dale of the petal-fall stage was 
May 12 foi the years of heavy yelloAvs, very signifieantly earlier than the 
average date of May 25 for the years of lighter symidoms, as shoAvn by an 
F A'^alue of 17.51. Sour clierries began to bloom in tlie Lake Ontario elierry 
belt on April 16 in 1945 and the Avriter ventured to predict at that time tliat, 
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with one of the earliest bloom periods on record, we should expect heavier 
yellows in 1945 than in the two previous years, since in 1943 the bloom was 
later than average and in 1944 only a few days earlier than average. This 
1945 season proved to be the year with the most severe yellows on record. 
The reason for this is obvious. Leaf development in sour cherries starts 
at about the petal-fall stage and is rapid during the next few weeks. An 
early bloom j)eriod, as in 3945, is followed by this leaf development in May 
when the normal montlily mean temperature is about 56° F. instead of 
occurring largely in June when the normal monthly mean is about 66° F. 
in this area. 

The relation betweeeii the date of bloom and the average temperature 
for the 30 days after petal fall was measured by (computing the correlation 

TAJiLK ].— Mean Icmpcraiart s of various pcriofls in relation to the petal-fall stage 
in S pears af hearp pillows spmptoms and in 17 years of lighter symptoms for the ^5 
p( nrs of lUJl to If^'Jo 


Moan t<*m]»eratnro, 
dofjrc'os F. 


Ten <l;iy prrioH 

8 

years, 

lieavy 

yellows 

37 

yea r.s, 

Uglit 

yellows 

F 

Odds 

0- 0 (lays t.»ofoo‘ petal fall 

51.99 

59.29 

5.74 

19tol 

1-10 da vs aft<*r j»eta] fall 

a5.'»,5 

02.85 

31.01 

99 to 1 

11-LM) ‘ d(. 


05.02 

1-L:i2 

t»9 to 3 

2i~;io da 


08.02 

15.7.8 

99 to 1 

:il-40 da 

01.05 

09.19 

5.9S 

39 to 3 

10 Lafaro to 10 .after 

55.19 

01.OS 

7.74 

39tol 

l-l!0 da^s after petal fall 

57.PJ 

04.25 

20.7S 

99 to 1 

l—Ilo Oo 

59.:!:’ 

05.08 

:;;;.oi 

99 to 3 


between tin* numbt'i* of days after A]»ri] 10 when tlie bloom began with the 
mean tempcn-atiire of this 60-day period after the ])etal-fall stage. For the 
25 years the coeOiident of correlation was 0.7^s9. giving odds of 99 to 1 
Dial the t<‘m|>eratnres are correlate*! with the ])loom date. The regression 
was * 0.61, .so that for each *lay later the bloom began the average tem- 
])eratnre of tin* 60-<lay ])eri(>*l rose three-tejiths of a degree Fahrenheit. 
The **orn^lalion of tlH‘ date of the petal-fall stage and average tem]>eraturc 
for the following 60 days also was computed. The correlation coefficient 
was highly significant ( 0.762) and the regression value of - 0.60 again 
show<»d a rise of thret'-tenths of a degree for the 60 days after petal fall 
for each day the ]HMal-fall stage was delayed. 

While liigh tem]>eratnres in the 60 <lays following the petal-fall stage 
decrease the yellows .sym])toms, higher than normal tein])eratnres in March 
and April tend to increase the yellows symptoms whi(*h appear later in the 
orchard. This apparent eontradietioii is due to the fact that high tempera¬ 
tures early in the season cause an earlier bloom and tbi.s earlier bloom is 
followed ill most years by lower temperatures after the petal-fall stage and 
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a consequent «;i‘eater inanifestation of yellows symptoms. This is shown 
by a highly sijrnifieant correlation of the mean temperature for March and 
April with the date of the petal-fall stajre. The correlalion coefficient for 
the 25 years is -0.7684 and the regression value -2.01 days. For each 
increase of 1 degree in the mean temperature tlie petal fall occurs 2 days 
earlier. The monthly mean temperatures for March, April, May, and Juno 
foi‘ the years of heavy and light yellows arc in table 2. Tlie increase in the 
mean temperature for March in the years ot* heavy yellows is not quite enougii 
for odds of 19 to 1. The F value is 4.26 when 4.28 is required for these odds. 
The increase in the mean temperature for April in the years of heavy yellows 
is highly significant as shown by the Y value of 15.74, well over the value 
required for odds of 99 to 1. No significant differences occur in the mean 
temperatures for May and June between tlie years of heavy yellows and 
those of light symptoms. 

TABLE 2.— Mean monthh/ frmpvrninrts fur fltr S ytara of hravy yellows and ihe 
17 years of lighter symptoms 


dt‘gnM‘s P. 


Month 

8 

ycar.«i. 

lieavy 

yellows 

17 

years, 

‘light 

yellows 

E 

Od(ls« 

March 

3(3.7 

;i3.r> 

4.20 

n.s. 

April . 

48.2 

43.5 

35.74 

99 to 1. 

May 

57.2 

5(5.9 


11,.s. 

June 

00.4 

()7.3 


n.s. 


» n.s. indicMtcs no siguiiicaiico. 

The possible ad(liti()nal effects of the prevailing temperatures during 
the time the yellows symptoms appear, on the severity of tlie expr{‘ssiou of 
symptoms was investigated. The mean temperatures of 10-day jieriods in 
relation to the date of first aj>pearance ^)f the yellows wei‘«» comj>ute<l for 
the 8 years of most severe yellows and for 14 >'ears when the yellows 
symptoms were less prominejit. Li three years of light yellows the date of 
first appearance was not recorded. These mean tcmperatur(\s, in relation 
to the time of appearance of yelh)ws symptoms, are given in table 3. 

The only ])eriod in which the temperatures show a ])robable signifi(*aut 
difference is the lO-day period just preceding the appearance of yellows. 
This period is approximately the same as the 21-3()-dav period after ])etal 
fall (Table 1). 

The 10-, 20-, or d0-da\ periods after yellows sym])toms first ayipear show 
no significant differem'cs in temperatures for years of heavy and light yel¬ 
lows. These data indicate that the ])revailing t(*int)eratur(»s during tlie 
time of appearance of j^ellows symptoms do not appnMu'ably affect the 
magnitude of these symptoms. 



1946] 


Mills: Yellows VirT'S rx Hovr Cuerkv 


357 


TABLK 3 .—Mean temperatures of various periods in relniion to the first appearance 
of yellows symptoms for S years of severe and for 14 years of light yellows 


(*a 11 tempora t u ve , 
<legi‘(‘t.‘s F. 


Ten (In V j)crio(l 

8 

years, 

hcavA- 

yellows 

14 

years, 

light 

yellows 

F 

Oddsa 

U- 9 (lays before Ist yellows 

03.00 

00.38 

7.2 

19 to 1 

1—10 Uavs after 1st y(‘llows 

08.42 

70.40 

2.8 

n.s. 

11-‘20 ‘ do 

72.81 

72.20 

< 1.0 

do 

21-30 do 

72.02 

72.70 

<1.0 

do 

1-20 do 

70.04 

71.31 

< 1.0 

do 

1-30 do 

71.31 

71.78 

<1.0 

do 


“ ii.s. iiidii'atcs no sigtiifieaiu t*. 

T)ie possibility that the ainoTiut of jirocipitation might influence the 
appoaraiu'o of yellows symptonjs also was investigated. The total precipi¬ 
tation for January. February, March, and April did not differ significantly 
for the years of lieavy and of light yellows as shown by an F value of only 
1.2. Tlie total precipitation was eomi)iited for all the periods used in the 
temperature studies in relation to the petal-fall stage (Table 1), and to the 
time of appearance of syin])1oms (Table 3). Xo (consistent increases or 
decreas(‘s in precipitation occurred in the years of Jieavy yellows as eom- 
|)are(i with the years of light or moderate yellows, and in no period did the 
diff<»ren(*e in preei]utation approach even probable significance. It appears 
that no jiu'asurable efi‘(‘(*t on the expression of yellows in the 25 years was 
the result (d' variations in precipitation. 

COXCLUSION.S 

The ('hief factor determining the exi)ression of virus yellow’s in the 
orchard in any given season is the prevailing temperature during the 30-day 
period following tlie petal-fall stage. The effect of early bloom in increasing 
the (expression of yellows symptoms is due to the lower temperatures nor¬ 
mally following such an early bloom. The ])revailing temperatures after 
yellows symptoms first appear do not affect the degree of these symptoms. 
Th<» amount of ]ireeij>itatioii in any season does not appear to affect the 
severity of yellows symptoms. The incidence of cherry leaf spot also does 
jiot appear to influence the appearance of yellows symptoms. 

Sin(*e prevailing temperatures following tlie petal-fall stage cause a 
great variation in the apparent amount of virus yellows present in an 
orchard from year to year, it appears tliat no data observed to date, based 
on the apparent incidence of yellows in two different years, prove or dis¬ 
prove spread of the (dierry-yellows virus after the trees are set in the 
orchard. 

Department of I^nt Pathology, 

Cornell XTniversitv. 
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MOSAICS OP WINTER OATS INDUCED BY SOJI>-BOKNE VIRUSES 


H . JI . M C K I X N E Y 1 
(Accepted for puhlicntioii Jjiiiiiary 30 , VMii) 

IXTRODl*('TIONr 

]ii tlH» Avriter nveiveil diseased ^villter-fr^o^vll Quincy lied oat 

plants that had been sent to the Department by J. L. Seal, Patholopst at 
the Alabama Ajrrieiiltiiral Experiment Station. These plants were ap- 
]iroaehiji^^ maturity and were d(‘ad when received, but the leaf symptoms 
were snjr^^estive of inosaie. Another lot of diseased j)laiits was submitted 
by Dr. Seal and inoculations were Jiiade into oats, wheat, and corn. The 
results were nejrative. Jn the late spring of 1944, Seal submitted diseased 
plants again. These w(M‘(‘ transplanted, but they were not thrifty. The 
symptoms were unmistakably typical mosaic. However, attempts to effect 
a transmission failed. In the spring of 1944 R. E. Atkinson of the Emer¬ 
gency Plant Disease ►Survey, of the Bureau of Plant Industry, Soils, and 
Agricultural Engineering, sent winter oat plants to Beltsville, Md., from 
South ('an^lina ami later the writer collected mosaic plants from points in 
North Carolina and South Carolina. All of these collections were potted 
and cultured in a greenhouse. Although tlie symptoms were characteristic 
of inosaie, all attempts to transmit a virus again met with failure. 

On a basis of the.se failures, it was eoueluded that the viruses of Broine 
mosaic (Martnor (fratnoiis .M(d\.)“ and of the wheat streak mosaics (M. 

^IcK.),* wliicli infect oats, corn, and wheat at summer tempera¬ 
tures, probably were nut the ^-auscs. Adecpiate facilities for obtaining low- 
temperatni’e (uilture emulition.s were not available for testing inoenlations 
at temperatures near bO and bn ’ F„ the ojitimiim range for the soil-borne 
viruses infecting wheat. 


DlSTIUnrTIOX, HICerKKENcE. AND IMUOKTANCE 

Oat jiiosaie has appeared in four successive seasons on the same land in 
a limited area at Auburn. Ala., and in two .successive years on the same land 
at Ilartsville and Clemson, S. C., and Statesville, N. C. 

1 Suniiir PiYisiou of Ceivjd Props Jiml Diseases, Dureau of Plant Indus 

try, Soils, and Agricultural Kiigiiiecring, Agrieultural Keseareh Administration, TTnited 
Status I)et)urlmont of Agriculture. 

'riu* author is indebted to Matthew Kooruer for assisting in conducting the tests; 
to .1. I.. Se.al and T. 11. Pogers of the Alabama Agricultural Experiment Station; R. P. 
Mledsoe of the Georgia Agricultural Experiment Station; 0. II. Armstrong and W. H. 
Paden of tlu* South Parolinn Agricultural Experiment Station; G. K. Middleton of the 
Vorlh Cjirolina Agricultural Exi>eriiuent Station; J. W. Hendricks of the North Carolina 
D«‘partiiient of Agriculture and to (Vikor’s Pedigreed Seed Co., Ilartsville, South Carolina, 
for Hup]»lying seed, infested soil, plant materials, and other facilities. Most of the seed 
iiseil in the tests was provided by T. R, Stanton, Senii»r Agronomist in charge of oat 
invi\stig;itioiis, of tlus Division. 

2MeKinney. H. H. Desi-riptions and revisions of several species of viruses in the 
genera Marmor, Eractilinea, and (Jalla. dour. Washington Acad. Sei. 34: 322“32tl IR44. 

3r>p 
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Durinj? the season of 1944, K. E. Atkinson made a survey in many fields 
of oats in the Carolinas, and in his report,’^ he indicates the presence of oat 
mosaic in 9 counties in North Carolina and in 10 counties in South Carolina. 

During? the season of 1945, the writer examined many oat fields in South 
Carolina, and found mosaic in Pickens and Darlington Counties Duriiuj; 
the same season, A. E. Prince of the Emerj*:ency Plant Disease Survey made 
a survey of oat fields in the Carolinas and found oat mosaic in Oconee, 
Pickens, and Darlinprton (.'ountics in South Carolina and in Iredell County, 
North Carolina. 

The disease was more severe in 1944 than in 1945. Susceptible vai-ieties 
such as Letoria (C.l. 3392), Bond (C.T. l733), Camellia (C.l. 4079), and 
Victoria (C.l. 2401) were "reatly retarded and severely damaged in 1944. 
whereas in 1945 these varieties showed much less damatre, even though 
infected. 

As in the wheat mosaics, seasonal conditions, es])ecially temperature, 
appear to influence the amount of damage caused b\' oat mosaic. Under 
suitable conditions the disease is capable of causing severe damage to ceidain 
varieties. It appears that control can be effected through resistant lines 
and varieties. 

SeitEAD OP OAT MOS.AJC 

By soil 

Soils in which mosaic oats had grown weii‘ collected at Auburn, -Ma., 
and Statesville, N. C., tiaiisported to Beltsvillc, Md., and placed in separate 
wooden bins, located out of doors. The bins were 4S inches long, 12 inches 
wide, and 12 inches deep. Himilar bins placed nearby were filled with non¬ 
mosaic soil from Beltsvillc to serve as controls. 

On October 6,1944, seed of Letoria ((M. 3:i92), Iowa Winter Sel. 8 (IM. 
4467), and Victoria • Kairibow i,(M. 4191) oats \Nere sown in the bins. 

On November 25, 40 days after .seeding, sam])h's c>r plants were removed 
from the bins. These seedlings and roots were thoroughly washed and disin¬ 
fected in a solution of 1 part mercuric chloride in 999 i)art.s of water. Aftei* 
this treatment, the seedlings were transplanted to steamed, f(*rtile potting 
soil and then grown in a greenhouse coutj-olled for 65 F. 

On December 1, four of tluj plants rtmioved from the soils obtained at 
Auburn, Ala., and IStatesville, N. ('., showed mosaic. No mosaic ap])eared 
in plants removed from the Beltsvillc soil (F’'ig. 1). 

On December 9, the bins of infe.sted and noninlVsted soils with the re¬ 
maining plants, were brought into the greenhou.se (65'' F.). A few of 
the plants had a faint mottling at this time, and within 10 days mo.saic was 
very evident in all of the plants in the Auburn and Statesville soils, whereas 
all plants growing in Beltsvillc soil remained perfectly healthy. Subse¬ 
quent tests indicate that 60° is more favorable than 65° F. for inducing 
mosaic from the soil, but 65° has been more favorable for the full expression 

3 Atkinson, R. E. A new mosaic chlorosis of oats in the C^arolinas. IT. 8. Dept Aar. 
Plant Dis. Reptr. 29: 86-89. 1945. ^ 
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of symptoms. The results of the.se te.sts demonstrate that the oat-mosaio- 
inducing agent is associated in some way M’ith the soil, and that the agent 
overseasons in the soil. 

AV heats known to he highly susee()llhle to the soil-borne wheat mosaic 
viruse.s. Marmor Irifici 11. emend McK.,'' failed 1o develop mosaic when sown 



,Fk;. 1. Out pUitits of the hybrid Yirtoria x Kaiiibow. All plants grown coiitMir- 
Tfiitly out of doors for 40 days during the aiituinii, and in a greenhouse during the winter 
Jit Tleltsville, Md. Photographed 7(1 days after seeding, 36 days after tran8]daiiting. 
l-.eft; healtliy jdants eiiltiired in fudd soil that does not induce mosaic. Bight: diseased 
plants cultured in tield soil in whieli mosaic oat plants had grown the previous crop 
sejison, then transplanted to stoanuMl greenhouse soil. These plants had mosaic mottling. 

At time of transphintiiig, tin* underground parts of both lots of plants were wjished 
thoroughly, placed in a 1 :100U solution of mereuric chloride in water for 16 minutes, and 
transplanted without rinsing in water. 

ill soil carrying: tlio osit-niosaic agents at Statesville, N. C., Cleinson, S. C.. 
llartsville, S. (A, and Aubnrii, Ala., while adjacent rows of oats developed 
high percentages of mosaic. Varieties of winter oats now known to be 
susceptible to tlie oat mosaics under discussion have failed to develop mosaic 
when sown in soil carrying wheat-mosaic viruses at Arlington Experimental 
Farm, Va., and near Marshall, Ill. Winter oats have been tested in soils 

See footnote «. 
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infested with wheat-mosaic viruses at several other points farther north in 
Illinois and at Lafayette, Indiana, but winter survival was always low or 
nil. Mosaic? has never been observed in any surviving: oat plants in these 
tests.® 


\ 



FlO. 2. Lotori.-i o;it ]»l;inls illiistrntiiijjf iHnitiaii.siriissiun of iuosmic throu^^h s<‘(*d from 
mosaic plants. Left: tvpii'al plant from soed <»f mosaic plants cultured in non mosaic- 
iuduciug Soil. Center: tepical ])lant from seed fnnn mosaic-free plants. Itipfht: tyi>ical 
diseased plant, stunted l)v mosaic, from seed (»f mosaic free jilants ciiltun.-d in ti< ld soil 
ill which mosaic oat plants had ^rown the previous erop serison. 

Tests irith Seed from Di^amd Phnds 

Seed ol the varieties, Lotoria (( ‘.I. :ru>2), Victoria \ Rainbow ((’.I. 4191), 
and Iowa Winter Sel. H (C.I. 4467) was eoileeted from field-fjrown plants 

B Cooperative tests with Boiij. Koehler aioi R.ilpli M. Cjihhvell of tlic Illinois iiiul the 
Purdue Agricultural Experiment Stations, respectivtd.y. 
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liaviiip: severe iiiosaie syniptonis. In the autmnii of 1944 these lots were 
sown outdoors in bins of nonniosaic soil at Beltsville, Md. Each lot of seed 
was sow'll at the rate of 1 trram per foot in ] row' 48 inches loiijr. The stands 
w’ere excellent and remained so durinjr the test. On December 9 these bins 
were removed to a jjrreenhouse controlled near 65° F. The plants w'ere 
thrifty and remained completely free of mosaic throuj^hout their life (Fijr. 
2). Throujrhout tlie test, these plants were near the mosaic plants jirowunj*; 
in the infested soils. 


INOCIXATION TKSTS 

In August, 1944, soil from an oat-mosaic infested plot at Auburn, Ala., 
w'as planted to Letoria oats at Beltsville, Maryland. Culture was in 6-inch 
earthen greenhouse pots in a chamber controlled near 60° F. On October 
19, the pots and plants were transferred to a greejihouse in which the tem- 
jierature was 65° F. during the night and overcast days. On November 6, 
mosaic was evident in most of the plants. On November 14, 74 healthy 
young seedlings of Letoria oats in 2-3-lcaf stagt* were inoculated with an 
extract made from finely jnilped leaf ami sheath tissue from the mosaic 
l)lauts. Tlie tissue was pulped with <juartz sand in a mortar, with sufficient 
water to make iuoeidum the eonsisteiiey of a tliiek porridge. Carborundum 
powtlei* (600-graiii) was added to the inoeulum. Thumb and forefinger 
well* di])pcd in this mixture and used to wipt* tlie leaves of the seedlings, and 
the residu(‘ was i*ins<‘d off with W'ater. 

After ino<uda1ioii the plants were eultured at 60-65' F. Tlie first signs 
of mosai<' appeai'ed 13 days after iiioenJatioii. Of the 74 seedlings inocu¬ 
lated. 17, or neai'ly 23 per cent, develoiied mosaic. 

A total of 3,273 oat ])laiits have been inoculated with extracts from 
mosaie <»at plants, and f>72 plants (29.i per cent) became intected. Single 
souri'cs hav<' lieen subtranslerred siicc'essl ully to oats as many as 3 times. 

Tlie <*arly failui’es to transmit oat mosaics are attributed largely to the 
fa(‘t that snitabh* tein|>erature.s wen* not available lor the culture of the 
.seedlings b<d’or(‘ ami aftei’ in<>('ulalion. lien cultured at tempeiatures 
mrndi aliove 60 F., the l(Mves of oat seedlings are very tender and subject 
to sev(*re injuiw fi’oni the imiculation technic. Such injuries tend to iiitei- 
JVre with incrt‘asc ami movement ol the A'iriis. 

Of 40 inoculation tests made since the first siuM-essful inoenJation, 3 tests 
have iaili-d coinplctfly. and only ono has jriven 100 per rent iideetion. wdli 
11 plants in tliat test. Tims far. these oat-niosak- viruses have been iniK-h 
more difficnlt to transmit manually than the soil-borne wheat-mosaie viruses. 


(iENEKAU SV.^^lTOMS IX FEAXTS IXFKCTED FROM SOIL 

The first si^ns of oat mosaie in the field aiipear as soon as the plants .start 
growth in the sprin- In 1945. at Aubuim. Ala., the first siirns uere evident 
the seeond week in January, and at Statesville. N. C.. they were just appear- 
ing the first week in ^lareh. 
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The leaves manifest ehlorotie streaks, spots, and patches. Dependiiifr on 
tlie variety of oats and the seasonal conditions, the chlorosis ranges from a 
very faint light green to yellow or aslien gray. The patterns and their per¬ 
sistence vary somewhat Avith the oat variety, the seasonal conditions, and the 
predominating type of virus. In 1944, the chlorosis was generally more 
severe and more persistejit; alse there was more stunting of plants than was 
the cavse in 1945. 

In Letoria and Victoria x Rainbow, the two varieties studied thus far, 
the symptoms were most severe at 60 to 65° F., 65° being slightly mor<‘ 
favorable for chlorosis than 60°. As the temperatures reached 70° F. and 

M 

above, the new leaves had weak symptoms of none at all. However, assays 
on such plants revealed virus in flag leaves that had no visible signs of 
mosaic. 

Mosaic plants growing in pots in the greenhouse and out of doors during 
the spring showed marked fluctuations in the expression of mosaic in grow¬ 
ing leaves with changes in temperature. During cool periods the sym])toms 
Avere much more evident than during warm periods. 

In the field, several varieties of oats such as Appier (C.I. 1815) manifest 
extren}ely mild, light-green mottling and sometimes none. A fcAv liybrids, 
Palestine X Dawn (C.I. 4230) and tAAo sister hybrids Lee x (Bond-logold) 
C.I. 4212 and C.I. 4214, developed rosette symptoms in portions of the 
populations. 

SYMPTOMS INUrt ED BY TWO ISOLATES FROM DIStjIASED PLANTS 

Owdng to the difficulty of effecting manual transmission, syniiitom reac¬ 
tions are the only properties of the Aurus isolates tliat have been studied. 

A pical-iHosaic Vit us 

The isolate here described originated from an oat plant groAving in virus- 
infested soil collec'ted on the Piedmont Branch FiXperiment Station, Stat(»s- 
ville. North Carolina. 

In Letoria and Victoria > KaiiiboAV oats, the symptoms range from light 
green to yelloAv narroAv lines to typical grass-mosaic type of mottling and 
blotcdiing. The chlorotic patterns tend to be confined to the top 1 to 3 
leaves of the plants, and the patterns tend to be massed tOAvards the distal 
portion of the leaf as illustrated in figure 3. The emerging leaf commonly 
lias the strongest chlorosis, and usually this is in the form of short broken 
lines. At 65° F., the severity of the chlorosis gradually reduces with the 
developmejit of the leaf, and may disappear com])letely, tending to disaj)- 
pear last from the distal region of the leaf. HoAvcver, sometimes tips of 
these leaves haA^e become completely chlorotic prematurely when the plants 
were tiansferred to 80° F. When high temperatures continued, the iicav 
foliage failed to shoAV signs of the disease. lJj)per leaf sheaths sometimes 
manifest mottling for a fcAv days at cool temperatures. 

Apical mosaic seems to be the predominating oat mosaic in all of the 



19461 


M(’Kinxkv: Soil-bokxe Viruses of Oats 


. . 1 rr.tariH (Wits iiidiieed bv manual inoculation. 
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areas that liave been under the writer’s observation in the Oai’olinas, 
Georg-ia, and Alabama, and some isolates have induced extremely mild 
chlorosis in comparison with the type virus. 

Eyeapot-mosaic Virus 

In 1944, e;v*espot symptoms were noted in all of the mosaic oat fields 
observed by the writer, but they were eoini)]icated with the symptoms of the 
chlorotic lines and mottling of apical mosaic. In 1945, very little of the 
eyespot reaction was evident, but some was observed in all of the experi¬ 
mental plats. 

The isolate here described originated fro^n a plant growing in the virus- 
infested soil collected at Auburn, Ala. In Letoria and Victoria x Rainbow 
oats the fusiform spots or eyespots are essentially comparable with the rings 
associated with many mosaics of dicotyledonous species. The linear ar¬ 
rangement of the main vascular elements in the grasses doubtless accounts 
for the fusiform or spindle shape of tliese spots. The borders of the eye- 
spots and other chlorotic areas fretpiently become ashen gray, due to the 
loss of the y(‘llow pigments, aiul the centers of the eyespots t(*nd to remain 
green until the normal green portions of the leaf become chlorotic. The 
spots are most pronounced in leaves tliat have completed or nearly com¬ 
pleted their growth; and in tin* younger leaves the spotting is more evident 
iix the older or distal iiortion than it is in tin* ])roximal portion. Mottling 
sometimes appears on the leaf sheaths, but this has been less common with 
this virus than it has been with the apical mosaic virus. Anthocyjniins 
sometimes develop causing red and purple patterns. Senility is hastened in 
the diseased leaves. Mosaic, leaves of Letoria are illustrated in figure 4. 

The observations made to date .-uggest that the eyesjxot virus continues 
to invade the leaf tissues for a longer pcric,d than does the apicaI-mosai<* 
virus. Also, the eyesjxn symptoms tend to be persistent in the leaves, 
whereas the symidoms of the apical m<»saic are very transitory and are 
seldom evident in the older leaves of tiie two oat v arieties sludie<l. On the 
other hand, as the greenhouse temperatures rose in the spring, it was ob¬ 
served that the eyes])ot niosai** faile<l to ap[>ear in the new leaves sooner 
than tlie apical mosaic. 

xomenclati ke ok the mkkses 
Marmor terrestre sp. nov. 

Specific name froiu Latin i<rrrsfris, adj., of the earth, I’eferring to the 
association of tlie species with soil. 

Host re.actwiis: In Aveua sal ini l.i., and A. In/zantimi C. Koch, induces 
chlorotic mottling, streaking, or spotting in varying degrees from mild to 
severe. Tririeum aesfiruni L., has failed to express mosaic in the field wlu*n 
sown in soil hifested with Marmor frnrsfre, but when inoculated manually 
with the type variety of the virus, 2 out of 50 inoculated ixlants of Micdiigaii 
Amber wheat expressed mosaic. Zra mays L., a])j)ears to be immune. 
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Transmission: By inoculation with expressed juice, usinjr the carbo¬ 
rundum wipinjif method, but with diffi(allt 3 ^ The incubation period lias 
ranged from 11 to 70 days. This species overseasons in the soil. Infec¬ 
tion i'rom the soil has o(*curred within 35 to 60 days after seeding when 
plants were cultured out of doors during the autumn and early Avinter at 
Beltsville, Md. Mosaic symptoms Avere expressed Avhen the infected plants 
were transferred to a greenhouse Avith the temperature near 65° F. In 
culture chambers, 60° has been more favorable than 65° F., for infection 
from tlie soil, but 65° has been more faA’orable for the ex])i*ession of mosai<*. 

HJarmor terrestre, A^ar. typicum, var. noA'. / 

Common name: Oat apical-mosaic A’irns. 

Host rea^^timis: In Avvna spp,, agronomic varieties Lctoria and Vic¬ 
toria x RainboAA', cultured at 60°-65° F., the virus induces light-green to 
yellow dashes and streaks parallelling the long axis of the leaf, and some¬ 
times chlorotic mottling, dilorotie patterns usually most evident in or 
near the apical portions of the three up])er leav(‘s, tending to fade as the 
leaves develop. x\s temperatures reach 75° F., and above, the symptoiiis 
become weak and fail to appear in tlu‘ iieAv foliage. Mosaic leav(‘s are illii"- 
trated in figure 3. 

Marmor terrestre var. oculatum, var. nov. 

Common name: Oat eyespot mosaic. 

Varietal name from Latin, (tculains, adj., eyed, Avith (we-like mai’ks. 

Host reactions: ,lu Arena spp., agronomic varieties Letoria and Vic¬ 
toria x Bainbow, cultured at 60°~65° F, Aurus imluces chlorotic spots and 
diffuse chlorotic jiatches. The ch".ract(‘ristic eyespeds are fusiform or 
spindle shai)ed Avilh light-green to ashen-gray borders and grcMui centtUN. 
They are most pronounced in leaA’es that have coniideted or nearly com¬ 
pleted their groAvdh. In the younger leaves the spotting is most evidtmt in 
the older portions. Mosaic leav(‘s an^ illustrated in fiLUire -k 

ST MMARY 

1. Tavo mosaics of Avinter oats oe<Mir in limited areas in tin^ ('arolina'-. 
Oeorgia, and Alabama. 

2. Manual transmission has been effected by the carborundum-wipt» 
method, but with difficulty. 

3. The viruses OAcrseasoji in the soil. 

4. The^viruM's huA’c not infected Avheat in the field, and only om* has 
infected wheat slightly Avheu inoculated manually. None have infected 
corn. 

5. Temperatures near 60° F. for 35 to 60 days seem to be near tlo^ 
optimum for infection through the soil, but 65° F. seems to be near the 
optimum for the best expression of chlorosis. A temj)erature of 65° F. has 
been rather faA^orable for infection from manual inoculations, and 60° F. 
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seems to be near the optimum for culturing the seedlings previous to inocu¬ 
lation. 

6. The disease caused greater damage to the infected i)lants in 1944 than 
in 1945. although the amount of infection seemed to be just as great in 1945, 
Temperatures were unusually high early in tJie spring of 1945, which may 
account foi* the reduced damage. 

PijVxt Industry Station, 

11ELTSVI1.LE, ^IaRYLAND, 



POWDERY MILDEW OF BROAD BEAN CAUSED BY ERVSIPUE 
POLYCONI DC. IX YUNNAN, CHINA' 


T. y, Yu 

(Accepted for puhlicatioii .Jaiiuiiry 3(», 

Powdery mildew of broad bean {VIcia faba L.) e.aused by Erifstphc 
polygoni D(.\ was first rolleeted by the writer on broad bean in llni-li, 
Szechwan, in the sprinjr of Since thjn it has been found in many 

places in southwestern China, particularly In Yunnan (7), where the dis¬ 
ease is widely distributed and has (‘alisted damage for several years in some 
of the bean-«:rowing sections. This paper ])resents the results of three 
years’ work on the disease, which, so far as the writer is aware, does not 
occur, or at least has not beeji r(‘ported yet in the other important bean- 
growiiifr regions of (_’hiua. 


DISTIUBl'TIOX AND K(’ONOMlC 1 MP()RTAN(’K 

Ju Yunnan Province, the disease is of variable im])ortance in dilf(U*ent 
localities. In the northern bean-growing sections, the dis(*ase lias devel¬ 
oped too late in the season to cause appreciable loss; while in the south 
it is usually jiresent each season and may cause consfiicuous blight of stem 
tips and prematurity of the young pods. In general, the disease is not 
of great economic importance. 


SV^^riTOMS 

The disease occurs in early sj)rin<» when the flowering buds have ap¬ 
peared. After a few leaves become covered with mildew, a general in lec¬ 
tion may occur in the AvhoJe j)lan( >\i1hin a week under favorable condition^. 

Small, white, powdery spots appear on the leaves, enlarge ra|)idly. 
coalesce to form large areas, and finally cov(»r the entire leaf. Both the 
upper and lower surfaces of the leaves may become infected. When very 
young leaves are attacked, they become stunted before attaining one-half 
their jiormal size. Tliey usually remain folded longitudinally and at the 
same time become abnormally thickened. As the dis(‘asc progre.sses, these 
young to]) leaves become discolored and withcTed, which results in a bli;:ht 
of stem tips. When old heaves become infe<*Ted, there is no malformation 
of the tissues. On infected leaves, both young and old, reddish s]K)ts or 
lesions fre^cjuently oc'cnv in addition to the characteristic sujierficial white' 
growth of the fungus. 

After the foliage is infc'cted, young stems and petioles become infecdc'd. 
The copious or scant white powdery fungus covers the affected parts and 
red lesions are common. Old stems, however, are only rarely infected. 

iPaiJOT No. 30 from Division t»f Plant J^atli(»lugv, Institute (jf Agricultural Ki'search, 
Tsing Hua University, Kunming, Pliiiia. 

Tiio writer is indebted to IVofessor L. 'Pai for reading over the niaiiuscrijit. 

;;7n 
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Pods are frequently attaeked throufrhoiit the growin^r period of the plant. 
On old pods, the fungus produees red s])ofs or lesions with or without inaero- 
seopie myeelial growth. \ oung pods, on the other hand, may be severely 
attacked and they beeoine deformed or ripen prematurely. 

In the field, the young leaves are stunted and deformed, affected stem 
tips are either stunted or killed back, and pods may be lacking or may ripen 
prematurely. 

ixocxn.ATioxs 

J^otted greejihouse i>lants were inoculated. Tliey were first atomized 
with a fiin* spray o1 Avater, then small portions of a young stem bearing a 
few diseased leaves were laid on, aiul in contact with, the healthy leaves. 
Inoculated plants Avere kept in a moist chamber for 24 to 48 hours. Notes 
Avere taken when the develo})ment (»f the disease had reached its maximum 
stage, usually 7 to 14 days after inoculation. 

In March, 1940. four broad beau ]>lants Avere nioculated Avith conidia 
taken from broad beans. Eight days later, all Avere infected. In another 
experiment, mildew appeared on 8 of 11 plants 10 days after inoculation. 
l!i .still another experiment, 24 of 25 ])lants Avere infected. Numerous other 
inoculations Avere made during subse(juent years. Only in rare cases, did 
the fungus fail to infect the lM*an ]dants. 

The symjdoms on the ino(*ulated plants Avere somcAA’liat A^ariable at dif¬ 
ferent tinn's of the year. In general, the disease* first ap])eared as grayish 
Avhite j)()wdery spots Avhi(»h soon covered the entire leaf surface. In certain 
instances, develojunent of the fungus Avas rather meager, and it formed only 
a very thin layer of mycelium just visible to the naked eye. In this case, 
]*ed lesions wen* frequent mnlerin*ath or marginal to the myeelium. Occa¬ 
sionally, oidy small red s])ots were seen on the inoeiilated plants. Youiur 
leaves might be killed durinii the later stages of the disease. 

( ATSAL Fr\(;t;s 

PoAvdery mildeAV of broad bean in Yunnan is caused by Erjfsiphc 
DO. 

Conidia are borne singly or in short, 2-spore eluiins on the eonidiopliores. 
Tb(*y are t)vate to ol)long with nmnd ends, aAcrage ‘18. long by 19.1 p Avide, 
iind A'ary fi*om 27.9 to 47.(1 p long and from 12.2 to 22.6 [i Avide. Conidio- 
Tiliores measure 20.4 to 68 p by 6.8 to 8.5 p and arc composed of 2 to 4 cells. 

IVritheeia are dark broAvn, glol)osc, and .scattered on the mycelium. They 
are 79.9 to 119 p in diameter, with an average of 98.6 p. A])pendages are 
riidinu'ntary, short and broAvn. mostly 40 to 48 p long and 6 to 8 p Avide. 
Asci, A’arying from 4 tt> 8, art* t>A’ate to broad oA^ate and are from 30 to 62.6 p 
in l(*ngtli and from 22.6 t(» 41.8 [i iii AA’idth, AA’itb an aA’^erage of oO.O by 31 p. 
As<*ospores, 3 to 8, are oA'ate or lougei*, broadest iii tlie middle, aACiage 1J.5 
by 12 p, and range from 13.9 to 24.4 by 10.4 to 15. / p. 

(^>nidia germinate in a Avitle rang** of temperature, from 16 to 28 ( ., 

Avitliin 48 hours. IIoAveA er, they germinate best betA\een 20 and 24 C . 
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A liigh relative bniiiidity is essential for the g:eriuinatioii oi* conidia. 
Fi*esli spores, ])laeed on dry "lass slides in contaniers with different per¬ 
centages of relative liiiinidity and iiieiibated at favorable temperatures, g:er- 
iiiinate only when tJie Jiiiiiiidity is maintained at 90 per cent or above. Veiy 
few spores ^Terminate when they are in dro])s of water, (bnidia are gen¬ 
erally short-lived. Under the conditions of the ])reseut investigation, they 
were viable only 2 or 3 days in the laboi*atory. 

RELATION OF WEATHER TO DISEASE DEVELOPMENT 

The develo])meiit of })()wdery mildew may be correlated with weather con¬ 
ditions in Yunnan, because the disease occfirs every year on broad bean in 
the southern part of the Province, but seldom appears in the northern part 
except on late crops of beans. 

Til Yunnan, a dry and a wet season occur every year. Koughlj^ speaking, 
the dry season lasts 7 months, from the middle of October to the first part 
of June. It is in tliis dry season that broad beans are grown. Jn the 
vsouthern part of the Province the croi>s are generally harvested between the 
<*nd of March and the first part of May, while in the north the harvesting 
is one to one and a half months later. It is especially dry from December 
to April. The average monthly precipitation throughout this period seldom 
exceeds 70 mm. in almost all the bean-gj*owing regions. There is, however, 
wide variation between day and night temperatiu’es which brings on a 
regular dew formation tiiat favors infection and the establishment of the 
mi]d(‘w organism. Apparently, humidity is not the factor that will limit 
the occurrence of tlie disease in all of these b<»an-growing regions. 

The air tem])eratures in the different regions are, on the other hand, ex¬ 
tremely variable according to tlic elevation as well as the latitude. Studies, 
surveys, and observations in 1940, and snbsecpient years, have demonstrated 
a correlation betAveeii air temj)eratui*e and tlie occurrence of the disease. 
As shown in table 1, powderv mildew was observed early in February at 
Kai-yuen. At that time, the average iiionthly air temperature w^as 20.4° C. 
In Chengkiang and Tsu-hsiun, diseased beans were found in April, Avhen 
the average air temperatures were, I’cspectively, 21.7° and 21.4° C. At Ta-li 
and Kunming, however, where average air temperatures usually were below 

TABIjE 3 .—Occurrence of powdery mildew of broad bean iti relation to air tempera¬ 
tures at five localities in Yunnan in Jf)40 


Month in which Average monthly air tem]>erature in degrees 

Locality disease was centigrade 



observed 

*7 an. 

Kai-yuen 

Fcb.-March 

20.5 

Oherigkiang 

March-April 

34.7 

7’8u-hsiun 

Mareh-April 

19.2 

Kunming 

Mny-.l uly«» 

9.8 

Tai-li 

May—J uly» 

10.7 


Feb. 

Mar. 

A])r. 

May 

June 

20.5 

22.4 

22.3 

23.8 

23.2 

14.7 

19A 

2i!7 

25.8 

25.3 

19.4 

20.3 

21.4 

22.2 

23.1 

31..3 

14.2 

38.0 

19.5 

19.6 

11.4 

16.1 

38.2 

19.4 

21.7 


* On volunteer bean plants left in the field. 
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20° O,, disease seJdoin a])peared fni the re<inltir crop but was seen from May 
to July on voiunteer plants left in tJie fieJ<l or on eertain late crops. 

All experiment was made in the winter of 1942 to determine the relation 
of air temperature to the development of the disease. Youiijr stems bearing 
a lew’ healthy levives were d(*taehed from bean plants, iiioeuiated with 
conidia, and placed Avith bas(\s in small flasks of water in chambers at dif¬ 
ferent temperatures. At the end of three days, conspieiioiis mycelium of 
the fuinrus was seen on the leaves held at 20^^ C. to 24° C. Those held at 
18° C. or beloAV produced slij^ht or no mycelium at all durinji* the 7 days 
of the experiment. Although the experiments were iireliminary, the results 
obtained seem to substantiate the observations made in the field that a rela¬ 
tively high air temperature during the spring faA'ors the develoi^iiient of 
the disease in Yunnan. 

HOST RANGE AND PIIVSTOUXllC SPECIALIZATIOX 

It has been demonstrated by Salmon (o), Hammerlund (3), Blumer (1, 
2), Searle ((i), and others that Erysiphc pohiyout DC\ cm. Salm. comx>rises 
a large number of j>hysiologic races that differ from one another in patho¬ 
genicity. In most cases, each race is confined to a single species or to a few 
(ilosely related species of the host and seldom has jiowei* to infeed other 
genera. 

Hammerlund (8) and Blumer (1, 2) indejiendently investigated the 
syiecialization of jiarasitism in Ert/siphe pohjfjoiti DC. Hammerlund dis¬ 
tinguished 20 “form species” of this fungus. Among them, the following 
are found on the leguminous jilants: f. sp. mnliafijenais^saiivae on Mcdicago 
saliva and .17. falcata; f. sj). mrhlofi on tliree species of Mclilotas; f. sp. Iri- 
foJii rrpfaiis on Trif<dinm reprns; f. sp. IrifoJii })raff^itsis on TrifoUmn 
praf(nsr and T. inaliioii; f. sp. t'iciihsalinfc on Vida salira and other species 
of Vida: f. sp. pisi on Pisa in satiruai and P. arv( ns(. 

Blumer (2) tlivided Ergsiphr pohjgani DC. eni. Salm. into several spe¬ 
cies. Of these. Erifsiphc ])isi DC. attacks species of Pisnm, Dorijcniwm, 
Mnlicago, Lapiuns, and Vida among the Legiimim^sae. Ac(*ording to his 
ow’U iiivestigalioii and tlie infection (‘xperiments of both Salmon and Hani- 
morliind, Blumer set u]) 4 “form species” in Enjsiphe p/si DC.: f. sp. pi.vi 
Hammerlund on Pistitn salivmu; f. sj). vicdicagims safivac Hammei*lund on 
Mcdicago saliva and M. falcata; f. sp. nicdicagitiis hipulinar Hammerlniid 
on Mcdicago lupulitia; and f. sp. vidac saliva Hammerlund on Vida saliva, 
V. scjiimii and V. silvatica. Blumer slated that there miglit exist another 
“form sjieeies” on the genus Vida altlioiigli tlie s])ecialization of its para¬ 
sitism was not then clear. Searle ((>), early in 1920, studied pliysiologic 
specialization in Ergsiplic polggoni DC. on eertain kinds of host jflants. He 
sliowed that the fungi on Polggomtni avicidarc, Tdfoliuni prnicuse, and 
Pisum sativum are distinct physiologic races. In one scries of his inocula- 
tion experiments, exmidia from Pisum sativum were used to inoculate Pisum 
sativum^ 0}iohvycliis saliva^ Vicia faha* and 1 iifolium p)ate use. His lesults 
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indicated that conidia from Pi^uni sativum were unable to infect any of these 
plants; the fungus is said to be specialized on its own host, P. sativum. This 
confirms the fact, already noted by Salmon (5), that Erysiphe polygoni DC. 
on Pisum sativum is a distinct physiologic race and is unable to cause infec¬ 
tion on Vida faba. 

From these investigations, it is known that Erysiphe polygoni DC. on 
Pisum sativum is a physiologic race distinct from the race attacking species 
of Vida, while the Erysiphe polygoni on the different species of Vida prob¬ 
ably comprise a single race. 

On account of the favorable weather conditions, Erysiphe polygoni DC. 
has been observed on a number of different ho.H plants in this part of China. 
Material was available, therefore, for cross-inoculation experiments with the 
fungi colJected from the various Lieguininosae. 

Tlie first series of inoculations w^as with conidia from Pisum sativum, 


TAHLE 2. — Cros8-inoculaiion experinuiiis with conidia from Pisum sativum, Viria 
faha, and Lathyrus qninqnenervius in 1941 and 194^ 


Host inocLilatod 



Pisum sativum 

Vicia faha 

Lathyrus 

quinqurnrrvivs 

from 







No. 

No. 

No. 

No. 

No. 

No. 



inocii- 

in> 

iiiocu- 

in- 

iuocu- 

in- 


la tod 

fectod 

latod 

foctod 

lated 

feeted 

Pisum sativum 

16 

16+I- 

20 

1S+- 

12 

12 (0) 

Vicia faba 

20 

J04 + 

16 

14 4 

15 

15 (0) 

Lathyrus quinquenervius 

6 

6(0) 

1 

7 (0) 

10 

10-1 - 


Vida faha, and Lathyrtis qninguencrvitis. In order to avoid contamination, 
the tests were made in separate greenhouses. The method of inoculation was 
the same as described. In table 2 the -f i sign denotes abundant mycelium 
accompanied by abundant si^orulation, t - denotes t]*ace to moderate my¬ 
celium accompanied by red spots or lesions, and the 0 denotes no macro- 
scopically evident mycelium. 

The results indicate, contrary to the results obtained by the previous 
investigators, that the fungus from Pisum sativum, is able to cause infection 
on both Pisum sativum and Vida faha, and the same is true for the fungus 
from Vida faha. Evidently, the U\o should be regarded as the same physio¬ 
logic race, whereas that from Lathyrus qninqnenervius is a distinct race. 

Ill examining the tyjies of infection produced by conidia from cither 
Pisum sativum or Vida faha, it ivas noted that, in most cases, the mycelium 
was much scantier on Vida faha than on Pisum sativum. Inasmuch as the 
identity of the two cultures has been proved by cross-inoculation experi¬ 
ments, it is suggested that the difference in degree of infection on the two 
lusts was probabl}’^ due to a difference in the nature of host plants rather 
than in the fungi themselves. In other words, the beans are more resistant 
to the attack of the fungus than the pt^as. 
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The second series of cross ijioculations was conducted with an attempt 
to determine the pathogenicit}" of Erysiphe polygoni DC. collected from the 
various species of Vida, including Vieia cracca, V, fab a, V, hirsuta, V, 
sepium, and Y. ietraspcrnia, all of which are commonly mildewed in Kun¬ 
ming and its vicinity. In addition, seeds of many other species of Vida 
were obtained throtigh the kindness of the United States Department of 
Agriculture, Kew Gardens in England, and various institutes in Chijia. 
Tluise seeds were sown in small plots each fall since 1940. Erysiphe polygoni 
DC. has been found on all of them and material was collected from these 
plots for cross inoculations. 

In the winter of 1940, 1941, and 1942, healthy seedlings of Vida angiidi- 
folia, V, atropurpurva, V. cracca, V. dasycarpa, Y,. faba, Y. gigantea, V, 
hirsuia, T . Icucanfha, Y. luica, Y. monantha, V. orobns, Y. pannonica, V. 
saliva, Y. sepium, Y. ietrasperma, Y. tridentaia, and Y. villosa were raised 
in a clean greenhouse. Cross inoculations were made to potted plants in 
other greenhouses and were repeated to insure the development of the dis¬ 
ease. In order to avoid contamination, the inoculated seedlings were left 
in large glass chimneys covered with a thin layer of cotton at the top. The 
results of these ex|)eriments indicated that conidia taken from aio^ oH these 
species of Vida were capable of infecting all of the other species used. These 
cultures are, therefore, regarded as a single physiologic race of Erysiphe 
polygoni DC. and are considered to be the same race that has been found on 
Pisuni sativum in this part of China. 

The reactions of these Vida host plants to the attack of the fungus were 
by no means alike in these exi)eriments. Many of the species seemed more 
susceptible to the dis(*ase than the others. For example, on Vida orobns the 
fungus usually ]u*odnced an abundant mycelium and abundant spores, and 
it rarely formed red lesions as it did on Y. folia. 

The term physiologic race is generally used to refer to strains of the 
fungus which an‘ mo!*j)hologi(*ally indistinguishable. However, in certain 
species ot Erysiphe the so-called physiologic races can be differentiated from 
one another by the morphology of either the conidia or the perithecia. 
Blumer (2), for instainre, has distinguished Erysijjhc pisi on Medicago, 
Pisuni, and Vida by the size of perithecia. Homma (4) has made a com¬ 
parative study, based on the difference in conidia! dimensions, of the various 
physiologic rae<*s of Erysiphe graminis DC. and has found that there are 
appreciable morphological differences between the races on common wheat, 
naked barley, Poa annua, and Elymus mollis. Yarwood (8) has also shown 
that the forms of Erysiphe polygoni DC. on bean, red clover, California 
poppy, mustard, ])ea, cowpea, buckwheat, and Columbine can be distin¬ 
guished readily from each other by the gross morphology of their conidio- 
phores and conidia. 

One hundred viable conidia of the mildew fungus from each of the 
various species of Vida, and from Pisurn sativum were measured while 
mounted in water under cover slips (Table 3). 
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Xo decided coiistjjut differences 'were noted in the size and shape of 
eoiiidia taken from ajiy of these Jiost plants. This is further evidence that 
the powdery mildew of Vida species and of Pisum sativum in Yunnan is 
caused by the same physiolojric race of Erysiphe yotyponi DC. 

Since the fungus is able to infect both ])eas and broad beans in China, 
then to which *‘forjn species/' viz, pisi or vidac saliva friveii by Dlumer is 
it more related? Indeed, in the infection experiments, the peas were more 
stisceptible to the attack of the fnnj^us than the beans. However, many other 
species of Vida, such as V. orohus and V, giyantca were equally, if not more, 
susceptible to the disease than peas. Evidently, the difference in decree 
of susceptibility of the hosts has nothing to do with fhe question. In case 
of morphologic difference, Blumer (2) distinguished the form s]>ccies of 
Erysiphe pisi DC. on Medicago saliva, Vida saliva, and Pisum saiivum by 

TABLE ‘-Meaftnremenis of conidia of Erifsiphc poliffioni DC. from nati/rally in- 
ft'ctrd Vioia species and from Visum saiivum 


Ifost 

JCange tor conidia, in p 

Average, in p 

Length 

Width 

llcia atropurpurra 

-7.S— 

13.9-20.9 

30.7x17.4 

1\ cracca 

20.0-48.7 

13.9-20.9 

37.8 X 17.0 

1dasyearpa 

1-17.0 

15.7-20.9 

39.7x18.4 

r. fuba 

27.0-47.0 

12.2-22.(> 

38.3 X 19.1 

C. yiyantra 

27.7-4:hr» 

13.9-20.9 

37.0 X 17.4 

V. hi r silt a 

29.0-47.0 

13.9-20.9 

37.9x17.8 

r. Ill tea 

20.1-48.7 

J 2.2-19.1 

36.9x17.2 

r. monantha 

29.0-^13.71 

15.7-22.11 

30.7 X 19.0 

T". orohus 

20.i-i:{.r» 

13.9-20.9 

35.4x16.9 

V. pannonica 

31.3-48.7 

13.9-20.9 

39.1 X J8.1 

V. saliva 

27.9-15.6 

13.3-22.0 

30.5x18.8 

/'. sepium 

27.9-47.0 

13.9-20.9 

39.4 X 17.0 

trtraspi rnia 

29.0-48.7 

13.9-20.9 

37.9x16.8 

1rillosa 

27.9-48.7 

13.9-20.9 

•{•J. { X 18.ij 

Pisum saiivum 

31.3-48.7 

13.9-20.9 

38.5 X 18.0 


the. size of their respective peritheeia. AcC(>rding to his measurenuMvIs, the 
perithecia of the fungus on Vida and on Pisum were similar: Peritheeia 
from Vida ranged from 97 to 119 p in diameter with an average of 108.3 p, 
and those from Pisum ranged from 102 to 126 p Avitli an average of 114.4 [j. 
The peritliecia of the fungus on Medicago saliva were decidedly smaller, 
from 85 to 101 p in diameter with an average of 93.2 p. The peritheeia 
measurements of the fungus in China, a.^ given before, are closer to those 
of ])erithecia from Vida saiivum than those from Pisum saiivum as given 
by Blumer. It is therefore justified to consider tlic fungus in China as a 
new form of Erysiphr potygoni DC. ])arasitizing both the species of Vida 
and Pisvm, and f. sp. vidae pisi is accordingly ])roposed in order to dis¬ 
tinguish it from f. sj). vidac .safivac Hainmerlund (Blumer) 'v\4iich occurs 
only on the genus Vida. The present ra(*e is also known to be distinct from 
f. .sp. pisi llammerlund (Blumer) by reason of its ability to infect Vic/ia in 
addition to infecting Pisuui. 
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.METHODS OF OVERWINTERIN(i 

Studies made by the w riter dnrintr the past three years have shown that 
the powdery mildcAV ol‘ broad bean may overwinter either as eonidia or peri- 
thecia on beans, peas, or wild species of Yicia, 

Mature peritlieeia eontaininj? asci with ascosj)ores were oeeasioually 
observed on Vida safiva in the sprin*r. No peritheeia More found on beans 
and peas in nature. 

In southern Yunnan, tlie m inters ai‘e so mild that many wild species of 
Vicdy such as Vida saliva and F. hirsvia, usually survive the winter. 
Conidia are found on iJiem in the early spring:. 

It is also interestiiig to point out that in certain districts of southern 
Yunnan, two crops of beaus are raised. The second croj), primarily for table 
use, is sprinj^-soMTi and is harvested duriiigr November, December, and eJanu- 
ary oL* the next year. Ccmidia have been found on them even in the Avinter 
montlis. Evidently, lliis setMUid cr(»]) serves as the source ol* infection for 
the fall-soM’ii beans. 


DISCUSSION 

Field observations and laboratory experimejits liave revealed that th<‘ 
occurrence of Erysijfhr polfffioni DC. iii Yunnan seems to b(‘ correlated M'ith 
air temperatures. Tlie disease rarely occurs in those regions vdiere the avei*- 
age monthly air tcmperatun* during the later stages of ])lant develo])ment 
is below 20^ C. HoMcver, it is surprising to find tiuit jmM’dery mildcM’ of 
pea is not only coexistent M’itli the croj> but is also present in Munter when 
the average air lenipeivitin’t* i‘arely (‘xc'ceds 16^ C. in most of the pea-growijig 
districts. Since the fungus on peas and beans constiintes a single physio¬ 
logic race of Erysiphc palyijont DC., it is hard to give reasons wliy the air 
temperature M ill limit the development of the I'ujjgns on one kind of host 
and 3 iot on tlie otlier. It seems, tlierefore, that in tlie studies oji tlie environ¬ 
mental factors ill relation to the* 0 ('(Mirrenee of a disease, tlie nature of the 
host plants shoidd also he taken into consideration. This assumption, 
although a matter of speculation, is, nevertheless, ot some interest. 

ST^MMARY 

PoMtlery mildcM' ol* broad bean, caused by Er\fsi})hc polygoni DC., is 
very jirevaleiit in the l)(*an-growing regions of southern Yiiimau Province 
ill China. Although it is of no great economic importance, it occasionally 
damages the ero]). 

Leaves, petioles, sleiiis, and pods of })lants are attacked. Only in severe 
cases, does mildcM’ blight tlie stem tips and cause premature ripening of 
young pods. 

In contradiction to the results obtained by previous investigators, tlie 
niildcM' fungus on broad beans is able to cause infection on Pisurn mfirum. 
Ikased on this finding, poM’dery mildoMs of broad beans and peas in Y^innan 
is considered to be caused by a single jiliysiologic race and is herein desig- 
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iiated as Erysiphe polyyoni DC. viciac pisi forma nova., a I’ave which differs 
from f. sx^. vicia-sativac llammerluiid by its ability to infect Pisum satiovm. 
Powdery mildew on Lnfhynis qninqnvncrviHfi is a distinct race. 

The occurrence of the disease is correlated with relatively liigli air tem¬ 
peratures during: Marcli, April, and May. An averagre montlily temperature 
of 20^^ C. or above favors the develoi)meiit of the disease <m broad bean. 

The fungrus is callable of overw’intering: as either conidia or ])erithecia on 
beans and peas as well as on tlie wild species of Vicht. 

Tsino Hua TJniversity, 

Kttnming, China. c 


LlTERATriiE CITED 

1. Blumer, S. Tnfektioiisversuclie init Ervsi]»lia(*t‘eii. CeiitrjUblatt fiir Bakt. Alit. II 
65: 62-70. 3925. 

^2. -. Die Er^ siphac'ooii Mittoleuro]ms, mil l)esoiub‘r(*r Borueksi(*btigun>j der 

Schweiz. 483 pp. iinricli. J9.*I3. 

3. Hammeri.UND, C. Zur Geiictik, Biologic imd Bhysi<>logi«‘ cinigor ETysiphaccen. 

TIcrcditas6: 1—126. 1925. 

4. Homma, Y. a slatiNtical study on the biological forms <»f En/.sjp/jc fframinis DC. 

Sapporo Nat. Hist. Soc. Trans. 10: mr-Kil. (In ,T;ipfnit‘se with English 
rnHiimc.') 1929. 

5. Salmon, E. S. On specializalion of parasitism in tin* ErvsiphmM'ae. Bot. Ccntbl. 

Beiheftc 14: 261-3ir). 1903. 

6. Searle, G. O. Some observations on Erifsiphr T>C. Trans. Brit. Mycol. Soc. 

6: 274-293. 1920. 

7. TAI, F. L. a preliminary list ()f economic jilant dis«*as(*s of Vimnaii. Bnl. 6. Inst. 

Agrie. llcs<‘arc]i. National 3\sing Tfna ^lliversit.^. (In Chinese with English 
resume.) 1941. 

8. Yarwood, C. E. Host range and physioJogit* .six’eialization of red. <'lover powalery 

mildew, Frjfftipftf pohfffoni. Jour. Agr. Res. j 52: 659-66.1. 1936. 



PHYTOPATIIOLOGTCAL NOTES 


Pcrithccia of Powdery Mildew on Zinnia Seed. —There are few records 
of the oecurreuee or transmission of powdery mildews on seeds. Enjs^ipJv^ 
polygoni DC. has been reported as externally and internally borne by pea 
gpp(|i. 2 ,:i externally carried on seed of Cuminnm cyminum.^ Cirenm- 
staiitial evidence lias been presented"* that E. ciclmracearnm DO. was carried 
on cineraria seed, and it was sus]>ected‘' that E. Fischeri Bliiiuer on Senecio 
spp. and E. ho-rridula (Wallr.) Lev. on Myosolis were transmitted on seed. 

In several commercial zinnia seed fields in Ventnra and Santa Barbara 
Counties, California, in which powdery mildew had not been controlled effec¬ 
tively, the funjrus, E. eichoracearnm, developed copiously in the flower heads 
and there formed abundant perithecia in October, 1943, particularly on the 

TAULE ].— Jncklinvc of prrilhrcia of Hrpsiphr toclioracfantm on ::innia artd hand- 
pu'Ved and ihrmhid by hand or machinery {101.3) 


Porcentage seeds 


Vn riety 

Lot number and handling 
of seed 

UUILTUI 

seeds 

examined 

AA^ith 

10-100 

perithecia 

With 1-9 
perithecia 

Oriole. 1. 

Picked in September; hand-threshed 

488 

2.66 

JJ.OH 

do 2. 

Picked in October; haiid-threshed 

4,690 

1.07 

.1.57 

do 3. 

Picked in October; hand-threshed 

3,034 

1.42 

.1.11 

do 4. 

Picked ill October; eonnuercially 





threshed and cleaned 

9,253> 

0.34 

1.97 

Mixed 5. 

Picked in S(*ptember; hand-threshed 

3,396 

0.29 

1.71 

Total or 

av(‘rage 

20,801 

0.70 

3.42 


variely (jiant Dahlia Flowered Oriole. Perithecia were most abundant at 
the stylar eiul of the seed and usually were formed at the lower edj^e of 
])etal in lections which extended onto the immatiire seed (achene). The cup 
formed at the stylar end of zinnia seed by the petal base proAudes a pro¬ 
tected cavity in whi(*h mieroor^muisms can be carried. 

The incidence of perithecia on zinjjia seeds handled in variou.s Avays is 
shown in table 1. Lots 1, 2, 3, and 5 Avere carefully picked and the chaff 
removed by hand in the laboratory. Lot 4, commercially hand-picked, dried 
on canvas, machine-threshed, and machine-cleaned, still carried perithecia 
on 2.31 per cent of the seed. 

1 VjMi TTcok, fl. M. Powdorv iniMi'W of* tlic poa. Oliio Af^r. Exp. Stsi. Bull. ITo*. 
247-249. 1906. 

^ (’nnvt’oi-d, B. F. Powderv inil(lt*\v of p<*:i.s. Now Moxioo Agr. Exp. St:t. Bull. ](i3. 
1927. 

Uppal, B. N., M. Lv. I’utol, niid M. N. Kamat. Poa powdery luildow' in Bombay. 
Bombay J)opt. Ajj^r. Bull. 177. 1935. 

^ Uppal, B. N., and M. K. Dosai. ruinin powdory inildow in Bombay. Bombay 
Dept. Agr. Bull. 169. 1933. 

5 Maodonald, J. A. Powdery mildew on cinerarias. Card. Cliron. 106(2721): 111. 
1939. 

' ‘5 Bliimer, S. Die Erysipliaet*en Mittelcuropaa init besondercr Beriieksichtijrung der 
Scliweiz. hi Beitrage zur Kryptogamenflora der Schweiz 7(1) : 46. 1933. 
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Samples of iJjese lots Avere jiTOMii in flats of sterilized soil iji tlie ju^reeii- 
hoiise for 6 A>'eeks the folloAving sprinjr, but no mildew ever developed on 
the plants. Perithecia were still present, althoiij^di in reduced iiunibcrs, on 
the seed coats after they had been jmshed through tlie soil in germination. 
Apparently the aseosi)ores were not released or, if any were, did not infect. 
This is not sur])rising in view of the difficulties which have been reported 
by various workers in germination of ascospores of ])owiiery mildews. How¬ 
ever, it is ])ossible that infection rarely occurs from perithecia of powdery 
mildew on zinnia seed. 

Powdery mildew perithecia on seeds such as zinnia, which have e))igeal 
gerfiiination, would be in a much more favo!*/t)h* position for jn’odiicing 
ascos]>or(' infection than those on seeds such as pea, which have hypogeal 
germinati(»n. Tin' internal infection described for ])ea seed would, of 
course, reju*esent a different ])}ienomenon. 

J^)wdeJ•y niildew is relatively easy to control in comineivial zinnia seed 
fiehls in Palifoniia by fre<pieut and consistejil dusting with sul]>hur uidess 
iji feet ions become established in tlie flower heads. Such infections may 
greatly reduce yield and (luality of seed, as well as lead to the ])ossibility 
of seed transjuission. Enijihasis on control early in the season to prevent 
flower infection is indicated.— Kunnetii F. Pakku and Wakren F. Locke, 
Division of J^lant Pathology, Vniversity of California, Los Angeles. 

V(in\<Uiu Floivtr Blhjhi. —In 1940, a camellia flower blight was described 
as new' and the causal fungus was designated ISrlcrofnvid ('amvlUar. ]b*o- 
fessor Iwao llino of ]\liyazaki (.V>lleg(* v>f Agrieidtnn* latei* called to our 
attention tlie fai*t that Mr. K. Hara had described" ' what a]>])eared to be 
the same disease and fungus iji Japan about twenty years earlier. While 
Jlara^s dimensiojis for asci (120-140x6 -8 [j) ajid ascospores (8-11 x 4-5 
arc somewhat larger than ours (100-125 > 4.3-5.8 and 5.3-7 x 2.5-3.5), it 
appears that the fungus here is essentially the same as that in Japan and 
should be designated her(*afti*r as *S’. (UnurlUac Ilara. 

It is probable moreover that the fiingns was introdiieed into the I’nited 
States from Ja])an as snggest('d in oiir earlier report' in view of tlie above 
additional evidence and the further faet tliat the disease has sineo been found 
in California in a second mirs<*i'y wliicb imported plants from Japan. 

All told the disease has been found in siweral other nurseries and parks 
and in a feu jirivate gardens in Faliforuia. A])])arently it is not definitely 
known to be established iJsewhere in the Fnited Stales. 

Althonglf considerable effort was ex])ended in removal and destruetion 
of affectiHl fl(Avers in the nursery where the tlisease was first seen in 1938, 
there were nninerons infected flowers in 1943 and 1944. This nursery com- 

^ TTanscii, Tl. N., and 11. Eavl Vhouias. Flower blight of camellias. Phvlopatli 30* 
166-170. 1041). . 1 • ■ 

2 Hara, Kanesiikc. [On a Sclerotinia disease of Camellia.] llaiiiijipou Sanriiikwailio 
No. 436. pp. 29-31. 1919. (In .Tapaiiese.) 

-Ilara. Kancsiike. [Sclerotinia disease of Camellia.] Zikken Zvnmokii Tiyogihen 
pp. 251-232. 1927. * . • 
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2 )rises several aeres and the problem of eradiealinj^ the disease is i'nrther 
eomplicated by the praetice of maintainin*r numerous plants in containers 
of assorted sizes and shapes, which may afford eoncealment for some of the 
sclerotia. However, in 1944 the nursery, in addition to destroyini^ infected 
flowers, bejian ^n*onnd-spraying with Fermate. Whether the spraying con¬ 
tributed to tlie result is not yet clear. At any rate the disease in 1945 was 
limited to tAvo small areas, the largest only a few yards in diameter. A pre¬ 
liminary test on some of the buried selerotia, indicated that Fermate at 4 lb. 
in 100 gallons did not kill mature a]H)tliecia but seemed to inhibit formation 
of additional apothecia. 

Since wholesale disbudding for one or more yeaj*s was undei* (‘onsidera- 
tion as an alternative control measure, some information on the interval 
between sclerotiuiii formation and the in-oduction of arxdheeia was lU'eded. 
Accordingly in April, 194^5, whole bJiglited flowers and i)etals separated 
from such flowers wci’e j)laced on soil in boxes and covered about one inch 
deep by peat moss and i)laced under lath. Sclerotia collected in 19;18 and 
k(*pt dry until the b(‘ginning of this experiment were similarly buried. The 
moss was kept couliuuously Avet thereafter. Un February 24, 1944, apo- 
tiiecia Avere found in the l)ox containing Avhole floAvers and in the box in 
Avhich petals had been buried. No apothecia arose from the old selerotia 
at that time or afterward. Apothecia Avere produced in greater numbers 
and over a longer period from the Avliole flowers than from sepai*ate petals, 
the last at)otheeia for 1944 appearing about mid-Api*il. A few sclerotia 
from AAdiole floAvers Avere romoAMMl and examined on May 18, 1944, and found 
to be firm, all hough oue of them had i>roduced several apothecia. The re¬ 
mainder Avere left undisturbed until the s])ring of 1945, the medium having 
been kt'pt moist continuously. The first apothecia Avere fouml on February 
t», 1945, iji tlie box Avith Avhole floAvers and tlie last^ about Ajudl 15. No 
apothecia appeared in 1945 in the box containing petals only. 

Ill an attempt to determine wdietber the fungus is able, to invade un¬ 
opened fl()AA;ers, several large ])lants AAitli numerous floAver buds Avere placed 
under glass at a distauee from the nursery. All buds AAith petals exjiosed 
at the time the plants Avere moved AAcre marked at that time, and only those 
buds developed symptoms of the disease. 

Since only tlie aseospori^s are infeetiAe and only floAvers are infected, it 
should be possible to eliminate the fungus altogetlier by systematic destruc¬ 
tion of infected floAvei-s possibly sujiplemeiitod by ground spraying. 

Tn tlie nieantinie discretion should be observed in the moATment of balled 
or boxed jilants from infested to iioninfested areas.— H. Eakl Thomas and 
IT. N. Hansen, Division of Plant Pathology, University of California, Berke¬ 
ley, CJalifornia. 

Ycllotv Bcrrxj and ISfrni Bust of Wheai ,—^I'lider Palestinian conditions 
only a few A’arieties of imported viilgare AAdieats (0CX\ BIPM, Giza 7) bear 
stateliy kernels. Almost all indigenous durum and imported durum and 

4 wiiih’ this note was in jiress .apothecia .a])])eared .again early in JVhiaiary, 1046. 
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vul^are wheats beai* normally characteristic flinty kernels. However, not 
infrequently, kernels affeetod with yellow sy)ots may be found among the 
flinty kernels. This phenomenon is characteristic for either durum varieties 
moderately resistant to rust, or vulgare varieties that usually escape rust, 
both under conditions ol* rust attack. 

In field trials with the control of wheat rusts by sulphur dusts/ it was 
observed that treated plants yielded only 0.2 per cent kernels affected with 
yellow spots, while the nondusted rusted plants yielded from 5 to 63 per 
cent, the average of such affected grains being 24 i)er cent. It is apparent, 
therefore, that yellow spotted kernels may be connected with rust attack of 
plants. j 

The anah’sis of kernels from rusted plants revealed a lower weight, lower 
l>rotein and gluten content, and an inferior gluten and baking quality as 
compared with kernels from plants dusted with sulphur." 

Yellow berry of wheat has been described since 1904 as a physiogenic 
disease. No mention is made anywhere of the influence of rust attack in the 
enumeration of' the causes of yellow berry. Studies revealed abnormal 
physi(*al and chemicial constants and inferior baking quality of diseased 
kernels. Heald'^*^ reviewing the literature dealing with j ellow berry sum¬ 
marizes the possible causes influencing the appearance of yellow berry as 
follows: (1) climatic factors operating upon the grain while in chaff, either 
during the last part of the ripening j)eriod or after cutting; (2) hereditary 
tendencies operating independent of environment; (3) disturbed nutrition, 
due to unfavorable water or soil relations. 

The trial mentioned was made in a field under uniform cultivation and 
fertilization, sown with a pure selection of Florence wheat (Morocco origin). 
This is a mid-early vulgare variety bearing flinty kernels. It escapes rust 
attack when sown early but is very susceptible to stem rust when sown late. 
The dusted plants were mature and harvested ten days earlier than the non¬ 
dusted ones. 

Other factors being the same, the kernels affected with yellow spots in 
this trial may be ascribed to the influence of stem rust. liate sowing and 
subsequent late maturity influencing the apj)earam*,e of yellow berry, as 
mentioned by Ileald, may be considered as an indirect cause of the disease, 
particularly in wheat varieties escaping rust. It is suggested that decrease 
of protein content in affected kernels may be influenced by rust. 

Since the application of sulphur, which controlled rust, also checked yel¬ 
low berry, it may be assumed that the yellow bc*rry is etiologically connected 
with the rust attack. 

It may b(? supposed, therefore, that yellow berry in wheat bearing nor¬ 
mally flinty kernels also may be controlled when sulphur is applied for the 

1 Minz, G. C'Mitrol of rust in wheat by sulphur dusting, llassadeh 26^3-4^ * 107 

3945. (Hebrew.) v / • 

2 Plant, M. Chemieal analysis and baking test of lloiir from rusted wheat. Unpub¬ 
lished data. 

3 Heald, D. Manual of plant disc^ascs. 953 i)p. 1933. 

* Heald, F. D. Introduction to plant i)athology. 003 pp. 3943. 
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control of rusts in wheat.— Gerstion Minz, Division of Plant Pathology, 
Agricultural Research Station, Rehovot, Palestine. 

Physiologic Races of Yellow Rasl of Raspberries in Western Washing¬ 
ton .^—For many years yellow rust, Ph rag mi (Hum rubi-klaei (DC.) Karst., 
has been an economic factor in the culture of red raspberries of western 
Washington. This disease has contributed to the decline of the Cuthbert 
and Marlboro varieties which are rapidly being replaced by the WashingtoJi 
and Tahomji varieties in this region. After the new Washington variety 
Avas introdu(ied^ it was observed to remain free from infection by yellow rust 
in the Puyallup Valley, even when grown close to rust-infected Cuthberts. 
Tln‘so observations indicated that Washington might be immune or highly 
resistant to infection by P. ruhi-idaei. However, in July, 1944, leaf speci¬ 
mens of Washington affected with yellow rust were s(*nt to the writer by the 
Agricultural ExtcMision Agent of Whatcom County, 125 miles north of the 
Puyallup Valley. Field observations showed rust to be generally present 
from a moderate to a severe degree in many commercial fields in Whatcom 
(%)unty where Washington was grown. Both uredial and telial stages were 
on th(‘ leaves of fruiting canes and current season’s growth. 

Three young plants, about two feet tall, of both Washington and Cuth¬ 
bert wei-(* inoculated in the greenhouse at Puyallup, with a water suspension 
of urediosf)ores from specimens of the rust brought in sealed bags from 
Whatcom County. Infection of both varieties was about the same (Fig. 1, 
A and B). The uredia were large and numerous on the leaves of all inocu¬ 
lated plants. A similar test w’as made with urediospores collected from the 
Marlboro and Cuthbert varieties grown in the Puyallup Valley. The Cuth¬ 
bert plants were severely infeded, but those of Washington appeared to be 
resistant (Fig. 1, C and D). Predia, surrounded by more or less chlorotic 
areas, Avere i)resent on the leaves of the latter variety but they were exceed¬ 
ingly small and never fully diweloped in comparison to those on the Cuth¬ 
bert leaA^es. These tests Avere repeated in the greenhouse on six different 
occasions during the Avinter of 1944, AAUth similar J*esults. In U\o subsequent 
experiments the Tahoma variety Avas inoculated Avith the rust from both the 
Puyallup Valley and Whatcom County but no soil Avere observed on the 
inoculated leaves. Cuthberts serving as a check Avere heavily infected. 

In rasi)beiTy fields in Whatcom County inspected during the summer of 
1944 and 1945 there Avas no rust on Lloyd George or New'burgh varieties 
grown adjacent to affected Washington raspberiles. In the Puyallup Valley 
the Cuthbert and Marlboro varieties Avere affected but only an occasional 
sorus Avas found on Washington. In instanctvs wdiere Cuthbert and Wash¬ 
ington })laiits Avere gjown in adjacent roAvs, or wliere Washington Avas inter- 
planted in Cuthbert roAVS, Cuthbert Avas infected Avith rust, while no sori 
were observed on Washington. No rust infections have been observed on 

iPnbliahed as Scientific rnper No. 656, College of Agrieultiire a.ii(l Agricultural Ex¬ 
periment Stations, State College of Washin^on. 

2 Sehwartze, C. P. The Washington and Tahoma red raspberries. Wasli. Agr. Exp. 
Stat. Pop. Bull. No. 353. 3938. 
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Tahoma plants. Tims far AVasliiiifrtoii has been found affected with rust 
as far soutli as Snohomish County, hut no serious outbreaks of the disease 
have been seen or reported on this variely southward to the Columbia River. 
On the other hand, Ciithbert and Marlboro, of which there remain only a 
few fields, are affected to some extent each year in this area. 

The results of these experiments and observations suj^frest the likelihood 
that there are two distinct physiologic races of Phragniidium ruhi-idaei in 
western Washington. Both Ciithbert and Washington raspberries are sus¬ 
ceptible to the rust preseJit on the latter variety in Whatcom County, while 



Fid. 1. A, n. Washington and (Jntbbert rospberry ](‘,avLw, rosi)Cflively, witli sori 
of western yellow rust alter inoculation with rust collected from W^•lshington variety in 
Wliatcoin County. Healthy CuilduTl leaf at right. C, I). Cuthbert and Washington 
leaves inoculati»d with rust collected from Cuthbert and IVlarlboro raspberries in Puyallup 
Valley. Note the scattered i!udcvelo})ed sori vui the Washirigtoji variety, i). Healthy 
Washington loaf at right. 

Washington is resistant to the race collected from Marlboro and Cuthbert in 
the Puyallup Valley. In this case it seems unlikely that climatic factors 
miglit determine to such a large extent the development of the disease on 
different varieties, as has been referred to by Zeller.'^ He found that in 
Oregon the variety Ranere was more resistant to P. rnfyi-idatd than Cuthbert, 
bjit that the reverse is true in coastal regions of California.— Folke John¬ 
son Washington Agricultural Experiment Stations, Western Washington 
Experiment Station, Puyallup, Washington. 

J Zeller, S. M., and W. T. Luiid. Yellow rust of Uubus. Pliytoimth. 24: 257-205. 
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The Eeladwn of StomafaX Behavior at Ihe Time of Inoculation to the 
Severity of Infection of Soyheanst hy Xanthomonas phaseoli var. sojenstv 
(Iledijcs) (Starr) Biirk.^ —Difficulty in obtaining consistoiitly jrood infec¬ 
tion with bacterial leaf spots of field-j^roAvn crops has been a common experi¬ 
ence. The testin" of varieties for disease resistance requires reliable meth¬ 
ods in order to be certain of the interpretation of the results. Stomatal 
behavior has been shown by DiachuiP to be of importance in the infection 
of tobacco leaves by bacteria. Tnociilation exiieriments were conducted in 
1945 to evaluate this factor la the infection of soybeans in the field with the 
bacterial pustule disease caused by Xanthomonas phaseoli var. sojcnse 
(Hed<^:es) (Starr) Burk. The <»xi)eriments were performed at ('olumbia, 
Missouri, and TJrbana, Illinois. 

Different jdots of the soybean varieties Lincoln and Chief were inocu¬ 
lated at two-houi* intervals throujrhout one day in each of the tests. The 
inoculation started at 3 a.m. Central Standard Tiim^ when the stomata were 
practically closed and continued until 9 p.m. when the stomata were ajrain 
practically closed. Strips of the lower leaf epidermis were placed into 100 
])er cent ethyl alcohol at the time of each ino<*uiation and later the averafre 
width of the stomatal oi)enin^s was determined. At Urbana, the li};;?ht in¬ 
tensity was measured at the time of each inoculation. Precautions were 
taken to pi’ovide uniform inoculum throu^^hout the day. The inoculum was 
applied with a power sprayer, which maintained approximately 150 pounds 
pressure, with the nozzle adjusted to deliver a stream of water unbroken 
until within a few ijiches of the leaves where it broke up into lar^(‘ droplets 
similar to beatinjr J*ain. In t^ach of the three tests with Lincoln and (hief, 
four r(*])lications Ave]*e arranged as randomized blocks. Disease notes were 
taken ten to fourteen days after inoculation. The severity of infection for 
a row was I'ated on an arbitrary scale of 0 to 10, no infection bein^ indicated 
by 0, and heavy infection on all leaves beinir imlicated by 10. 

The results have shown that inoculation between 8 a.m. and 2 i).m. ^ives 
the ju^-eatest amount of infection (Fi«r. 1). A logical conclusion would be 
that the bacteria enter whcji the stomata are open. Considerable dew devel¬ 
oped on the plants duriim* the nijrhts concerned in each test, and attempts 
were ijjade to select days of jjoi*mal sunshim*. This was nearly accomplished 
at TTrbana, but in the tests at Columbia, it was partly cloudy dnrinjr part 
of the day. Althouj^h the effect of cloudiness on s+omatal behavior was not 
marked, it may be j*eflected sli«j:htly in the difference in steepness of the 
curves in fi^nu’c 1 for the two locations. At Columbia, where slijjht cloudi¬ 
ness existed, the effect of increase in lij^ht between 6 a.m. and 8 a.m. was 

1 A coiitrilnitioii from tlio tJ. S. Kcfrional Soybean Laboratory, a cooperative organi¬ 
zation participnted in bv the Bureau of Plant Industry, Soils, and Agricultural Engi¬ 
neering, Agricultural K(‘S(‘areh Administration, IT. S. Department of Agriculture, and the 
Agricultural ExiKuiment Stations of Alabama, Arkansas, Florida, (Georgia, lllincds, 
Indiana, Iowa, Kansas, Louisiana, Mieliigan, Minnesota, Misaissi]>])i, Missouri, Nebraska, 
North Carolina, North Dakota, Ohio, Oklahoma, South Carolina, South Dakota, Tennessee, 
Texas, Virginia, and Wisconsin. Missouri College of Agriculture Journal Series No. 1)90. 

2 Diachun, Steplum. Belation of stomata to infection of tobacco leaves by Bacterium 

tahacum, Phylopatli. 30: 263'-272. 1940. 
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not as sharp as at Urbana. Watersoakiiif? of the leaf tissue by the spray 
was apparent iininedlately after inoculation during the bright part of the 
day, but was inconspicuous after inoculation at other times. 

The results of these tests indicate that stomatal behavior should be a 
prime factor in the timing of inoculation of soybeans. Varieties which 
appear to be resistant when inoculated at midday, however, should be 
further examined to be certain that they do not have a diiferent diurnal 
cycle, thereby escaping inoculation at a time when they arc vulnerable. 
The general tendency in the past has been to inoculate field plants in darker 
periods {e.g., early in the morning) and without j)articular attention to the 
force of the inoculum hitting the leaves. ■ 



on Chief and Lincoln soybeans at ^Trbaiia, Illinois, and Columbia, Missouri, when inocu¬ 
lated by i)Ower spraying at different times of the day. (CJentraJ Standard Time.) 

It is believed that the results reported here will be of considerable value 
in the development of an improved technique for inducing artificial epidem¬ 
ics ill the field.— WiLiiiAM B. Allington, Associate Pathologist, V. S. 
Regional Soybean Laboratory, and Cari. V. Feaster, t^ooperative Agent, 
Missouri Agricultural Experiment Station. 

Reaction of Dodders to Stems of Other Dodders and to Their Own 
Stems. —Wliile studying the relationship of the two dodders, Cuscuta svh- 
inchfsa Dur. and HiJg. and C. calif or nico Choisy, to certain host plants com¬ 
monly used in the study of curly top and other virus diseases, the question 
arose as to what occurs when the stems of these dodders coil around each 
other When these united stems are sectioned, stained, and examined under 
the mic'roscope it becomes apparent that haiistoria penetrate the encircled 
stems and connect with Uie vascular bundles in the same way they do in the 
case of sugar-beet petioles. (7. californica, for example, will parasitize C. 
stihinclusa, C. campeslris Yunecker and C. americana L. 

Figure 1, A, shows Cnscnta cah'fornica growing on C. americana which 
ill turn is parasitic on Nicotiana (jlanca. The small amount of vegetative 
growth and the abundance of flowers indicate that C. americana is not a 
favorable host. Figure 1, B, is a transverse section of a stem of C. call- 
farnica with a haustorinm of C. suhinclusa grown into it, with xyiem vessels 
of the invading haustorinm connecting Avith similar tissues of C. calif arnica. 

Further proof that this dodder definitely parasitizes the others was 
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I’K). 1. A. Cusciila califoniica growing on C. americana, purasitio on Kicoliana 
fflauca. B. Transverse section of stem of C. edUfornica invaded by hanatoriiim of C. sub- 
inchtsa, xyiem elements of liaustorimn (a) connecting with similar elements of host (b). 

obtained by the following tests. Eapidly growing stems of C. califoniica 
were taken from a tobaeco ])lant and the basal ends pnt in a bottle of water. 
These stems were then allowed to establish themselves on the other speeies 
of dodders mentioned, which were growing on green host plants. Then these 
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Rtems were taken out of water and were forced to live on these dodder species 
as host plants. 

The two dodders, Cuscuia calif arnica and C. suhinclusa, will turn-back 
on their own stems and invade them with haustoria as they do on other spe- 
(‘ies of dodder. There is no aj)[)arent harm done to the tissues of the dodders 
after beinfr thus invaded. As in other host plants attacked by the dodders, 
the tissues are completeJy dissolved in the re*»:ion oeetil>ied by the haustoria. 
Cells in eontaot with haustoj-ia appear to be normal with no siy:n of dis- 
orjj^anization. The haustorial hyjdiae contact phloem cells but do not invade 
them. They ap]>ar(‘nt].>' i*eceive nourishment from these host cells by dif¬ 
fusion. The xylem elements of the dodder* intermiiij^le with those of the 
host and seem to unite with them.— C. P. Lackey, Division of Sugar Plant 
Investigations, Bureau of Plant industry. Soils and Agricultural Engineer¬ 
ing, Agricultural llesearch Administration, United States De])artment of 
Agriculture, Kiverside, California. 

Infection Studits with Actinonufces ticabies.^ —The pathogenicity of Acti’ 
nominees scabies (Thaxt.) Ciissow, the causal organism of potato scab, is not 
well understood although its parasitism was demonstrated over a half cen¬ 
tury ago by Thaxter. In recent inlection studies, the organism killed radish 
seedlings growing in sterilized, artificially infested, highly calcareous ])eat 
soil. A localized necrosis of potato leaf blades and i)etioles has been obtained 
after spore suspensions were applied to wounded tissues. 

Radish seedlings have been killed by the scab organism under controlled 
conditions in the laboratory. Isolates of Aciinomyccs scabies obtained from 
scab lesions on potato and retl beet and known to be extremely viruhnit to 
potato were used throughout. Seed, which had been surface disiiifecteii and 
germinated on 2 p(*r cent water agar were ])laced in large, Pyrex test tubes 
containing sterilized peat soil which had been artifitually infested with ptire 
cultures of tlie scab organism. The first evidence of infection was on root 
tissue which became water-soaked with only slight discoloration. As necrosis 
developed, the tissues became dark browui. Aerial symptoms, developing 
first on the (‘.otyledou, (*onsisled of a wilting of the terminal portion of the 
leaf accom]>anied by general chlorosis and followed by necrosis of tlie entire 
lamina. The liy])oeotyl remained erect and apparently unalfected until 
after the terminal leav<*s were dead. Radish ])lants lived only 2 to weeks 
in smi infested with A. scabies, whereas control plants growing in sterilized, 
noninfested soil w’(Te ap])aren11y free from disease and remained thus until 
the tests w^ere terminated ap])roximately one week later. Seedlings of radish 
grown in pots containiiig soil infested with the scab organism were noticeably 
stunted. Pjvlindnary tests wdth cucumber, pepper, turnip, and si)inacli 
have indicated that .1. scabies is sufficiently pathogenic to these plants to 
cause stunting and premature death. Ken Knight" has made a detailed sur- 

1 Journal paper iiiimlHT J-1325 of tlie Town Agriniltural Experiment Station, Ames, 
Iowa, Project SPi. 

2 KenKniglit, Gkmii. Studies on soil aetiuoinycetes in relation to potato scab and 
it8 coiitml. Mich. Agr. Exp. Stat. Teeli. Bull. J78. 11)41. 
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vey oi the literature (roiiceniin^ the tievelopmeiil ol* ^1. scftbic.s on the roots 
ol* various veofetables and weeds. He re])orled ehielly tlie produetion of 
Joi*ali^ed, eorky, seab-like lesions typi(*al ol* those found on the tubers of the 
potato. 

Ill our ex])eriinents, snperfieiaL seale-like, neerotie areas, that were* lijrlit 
j»:ray to tan, were indu(*ed on Red Warba p(dato foliage by rnbbiiiji: a s])ore 
snspensiou oi* tlie seab organism onto the J(*aves with the finder. AVat(*r- 
soaked spots whieh later dried and turned brown first appeared on the leal’ 
blade and its veins. These neerotie areas did not enlai'^e after removal of 
the plants from the moist ehamb(‘r 3 to 4 days after inoeiilation. Leaves of 
eontrol plants rubbed with water in a similar manner, although evideneiiifi’ 
sonn‘ rneehanieal injury, did not beeome lUM-rotie. Water-soakinj^ tlie leaf 
tissues witli a jet of s[)ore suspension (geeted from a hyjKxlermie syring:e 
onto the under snrfa(*e of the leaf also resulted in lurrotie lesions. When 
the |>lants were reniove<l from the moist ehainber, the wat(*i--soaked areas of 
plants treat(‘d with a. spore* suspension liad a tlai*k metallie luster, whereas 
the ('ontrol lea\’(‘s, tr(‘at(‘d with sterile water in a similar mann(*r, wei'e* water- 
soaked and ^reen. The alfeeted tissues of the inoculated h‘aves soon became 
nei*roti(*: the water-soaked areas ol* the <*ontrol leaves recovered and no 
n(*ci’osis o(MMirr<‘d. N<*crotie areas of the inoculated leaves wen* brown to tan 
and apparently lo<*ali/(*d at the bases of triehomes. AH'eeted areas did not 
noti(‘eably enlarj‘‘(‘ after removal from tin* moist chamber. In ^^eneral reac¬ 
tions wen* more severe on youn^- leaves that were not completely expanded 
at the time of inoeulation. In these preliminary trials, free-hand sections 
w(*r(* not suitable for tiemonstratin^ aetinomyt'etoiis filaments within affected 
tissues. Tjutmair re(n*nlly i‘(*ported aetinomye(*tous strands in ap})arently 
ln*althy leaves of potato(*s. 

Leaves situated at the soil line on (kibblei* potato plants jirown in arti¬ 
ficially infestetl, peat soil have InnI a sui)erfi<*ial necrosis similar to that de- 
s(*ribrd on leaves treated with suspensions <»f Arfinf/inifcf s scahirs. In a few 
instances necj-osis was ()bserv(*il <*xtendin^* some distance into the petiole. 
The filaments of A. srnhi(s w(*re demon.strated in the intracellular spaces of 
such jietioles by staining' fr(*e-hand sections Avith (.icntian violet. 

Attempts to induce a I'caction by atomizinjr spore sns])ensions on unin¬ 
jured potato-leaf snrfac(*s have not been succe.ssfnl.—AV. d. Hooker and 
(r. C. Kent, Hotany and Plant l^atholojiy Section, Iowa Agricultural Experi¬ 
ment Station, Ames, Iowa. 

L(ft( Blight of Tomatoes in East Tvj'as at Transplantinfj 'Time. —Tomato 
])lants with late blijrht (caused by PInfiophthora infesfans (Mont.) de Bary) 
were fouiid^ near Jacksonville, Texas, in April, 1943. The late-bli«rht symp¬ 
toms appeared only on j)lants that liad been bronj^ht from the Lower Rio 

Tiiitnijui, It. K. A('tinoinycotes in \nriuus pai-ls of the potiito mid otiicr plants. Vt. 
Agr. h]xp. Stat. Jiull. 5li2. la-t,"). 

1 Altstntt, (J. i". ToiM.Mto Ijitc hli^hf in East Texas. I*. S. Dept. Ajrr. Plant Did. 
TIptr. 29: 344-34;'. 1945. 
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Graiiclo Yalk'y. or on locally jfrowu plants that were near the fields where 
these iiuj)orted plants were set. The plants were shi])ped in March from 
the Lower Valley where late hlijrht was severe on tomatoes an<l potatoes,= 
and where the disease has been more or less destructive each year befrinnhifr 



Fj(i. Iv ToiiLito yiljints with nymptoins. (A, IJ, pilotnt 

sonvillr, 'i'pxos. on April lo, l‘)4r>. A, B: JMmils from Lower JLo (ir.-imlt* Volhw of 
Toxmh. I>: pl.'iuts from roUl fniiiio.) A. Tomoto st(‘m tlml was typit-jilly twistod jiml 
l*rokou !•> ;i ooiikor. B. Toiimto stom with n lonfritmliiml rr.-u'k in ;i l.'ito- 

lilight piuiIot; ;i1so u (•ro‘ts H(‘ption tlirouj^h tho liolloAV (•.•iiikor. (’. J^hjfhtphiJnna inffstans 
killed tin* IfsivoM, j^row into tlu* stom, niid (*;nisod light brown rnnkers in t'tdd-frnmo plniitH. 
1 ). Sew growth on n. tojnnto httmi, tho top of which hiul been killtMl enilier by hit<* blight ; 
)d'otogr;i])heti on Alny li.l, mo. 

2Altstatt, G. K. Late blight of jiotatoes nud tomatoes in tin* ]tn\er Bio Grande 
Valiev of Texas. 1*. S. .T>ept. Agr. Plant Bis. l?ptr. 29; 2:i:*~234. BUo. 
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Avilh an epiphytotip" in UKH. Earlier descriptions ol* tomato Jate blijrlit 
were by Kern and Orton^ and by Giddin^^s and Beri^. * 

The Jar^^est loss from late blio:ht oeeurred on a farm near Jacksonville 
where nearly 17 acres were set with youn^^ tomato plants from the Lower 
Valley. On April 15 most of the plants were dead. Typical symptoms of 
late blight and spores of the causal fiinj?us were found on the remaining' 
plants. Plants dyin*;; early had been reset 3 times with locally jrrown plants, 
and they also had died from late blijrht. Late bli^rlit in the stems caused 
prominent craekinjr, shrivelinj,^, twisting, and hollowness of the cankered 
areas (Fig. 1, A, B). Many of the tomato tops were broken over at the 
canker. The Phyto])]ithora spores evidently had been carried by wind from 
the blighted plants in the field to tomato seedlings in a nearby <'old frame. 
By April 15, late blight had iiijuretl or killed the tofis of more than 10,000 
plants in this cold frame, giving the seedlings a brown, scor<'hed ap])earauce 
(Fig. L f'). When the cold frame was examined again on May 25, some of 
the plants were still alive and new toj)s had developed from branches below 
the cankers after the si)read of the late-blight pathogen had been arrested by 
warm, dry weather (Fig. 1, D). On another farm, a groAver had ‘Oieeled-in'’ 
Lower-Valley tomato plants beside a hot betl. All of the seedlings in the 
hot bed and nearly all (»f the LoAver-Valley plants that Avere set in the field 
Avere killed 1)3' the lati'-blight fungus. 

These observations indicate that Phijfoplitliora iafestaus may be trans¬ 
mitted from one region to another through moA'ement of infected tomato 
plants, and under favorable weather conditions an epiphytotic ma 3 ’’ o<‘c.ur in 
the newlA’ infested area.—P. A. Yottjsg, Tomato Disease Laboratoiy, Texas 
Agricultural Ex])erimeiit Station, Jacksonville, Texas. 

Th< Eradicanf Acfitni of a FunpickU ot\ Colh totrichuni lilii in Lily 
Bulbs. Prcliminar.v studit»s bA' Plaki<las^ on the control of black scale of the 
Easier Lil.v (Lilinni hnujifionan Thumb. Aar. c.rihiinm) caused by Cnlltio- 
irirlnnii lilJi Plak. b.v treating diseased bulbs Avitli fungicidal di])s or dusts 
indi(‘ated that mercuric' chloride, borax, basic copj)er sulphate, calcium 
hyjaxddorite, and brilliant, green were inetfoctive. In most cases the treat¬ 
ments also caused considerable injurA'. Continuing this Avork, tests haAV 
been made wdtli several of the new organi(' fungicides. The results obtained 
Avith one of these materials Aveiv of sufficient j romis(‘ to justily a pre¬ 
liminary report. 

A method of rapidly evaluating the ctTectiATuess of the fungicides in the 
laboj-atory Avas dcAust'd. S<'nles bearing lesions were i-emoved from diseased 
bulbs and treated, after Avhich they were placed in sterile Avater foj* 24 hours. 

.1. J., and W. X. Ezekiel. Eate blight ot* potatoes ;ind tomatoes. 
Texas Agr. Exp. Stat. Cuv. (iO. 

Korn, V. D., and C. P. Orton, riivtophthora infestaiis on tomato. Plivtopath. 6: 
f!S4-287. laiG. 

(liddings, N. d., and Antlionv Ilerg. A eoniparisoii of the late bliglits «»f tomato 
and potato. Phvtopath. 9: 209-210. 1919. 

1 Plakidas, A. G. Black scale: A disease of Easier Lily bnlhs. Pliyioi)ath. 34: ;>oti- 
571. 1944. 
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Tl»(*y were then soaked for 4 to 5 iiiiiiutos in a saturated soJution of ealeium 
hypochlorite for surface sterilization and plated on ])otato-dextrose aji:ar. 
Jn (dieek tests with scales innnersed in tap water foi- 24-48 hours, funf>:us 
jrrowth occurred from all scales, with CoUrtnlrichinn lilii constitutiu<r 50 
to 75 j)er cent of tlie fun”*! present (Fi<r. 1). By usinjr this metliod, a niini- 
])er of orjranic materials wer<* eliminated as ineffective. Two materials, liow- 



Kkj. 1. lOflVrl, of XoX XoE on tin* Hiirvivnl of ('oUrfotrichinn Iilii in 

arnins nnd hulha. A. Xontrouted sojilos on ]H)tnto-di‘xtroM(‘ sliowinjj funjjjiiM 

irrovvlli. li. Sonins trentod vvitli Pm-nliml NoE, for 48 horns, on potiiio-doxlrose 

a^rar. no furijrus .irrowth V. Xontronfod infoot( m 1 lilv hwlhs nftor 7A months’ Lnotvth in 
jrroonhoiiMo, 1). l/ilv hnll.s t.ontod with J»uratiz«‘d NoX, 1-:2(K)0, foi‘48 hours mid jrnnvn 


ni jjroonhoiiso ffn 7A nioiitiis. 


fver, l‘iir«tiz.'d N.IX iiiid its improved form N.IK (10 i)er rent jdieiiyl mereuri 
tnetliaiiol auimoninm laclale) at eoiieeiitrations of l-oOO to ]-4()()() Avliere 
the treatmeiit time was 2'4—48 hours, proved effeetive in killing: the fuiifiiis 
ill the scales. Kedueiiifr the treatment lime to six lionrs failed to destroy the 
fuiifrus even at eoneenl rat ions of 1-250, indiealii)}? that tlie duration of the 
treatment was more important than tlie eoneenl ration of tlie fniiLneide. 
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These tests Avilli Piiratized N5X in the laboratory were followed by 
^rreeiihouse tests wdth diseased whole bnlbs. Kein-esentative results from 
these tests are yfiveji in table 1. Nontreated and treated bnlbs from this test 
are shown in fij^ure ], C and I). 

As in the laboratory experiments the effeetiveness of the treatment was 
very mneh rediieed when the treatment time was less than 24 hours re<rard- 
loss of (M)iieentration. In no ease was injury to the bulbs or plants observed 
exeept where the treatment was for 24 hours or mor(‘ at eoneentrations of 
1-500 or jireater. While emer^enee was red need at these hi^h eoneentra¬ 
tions, jifrowth of the plants whieh emerjred was not apparently affected. 

Ill a field exj)erinient in the 1944-45 season five lots, totalinj^ 8 bushels, 
of heavily infetded bulbs were treated with Piiratized N5X, usin«: different 
combinations of time of treatment and eoncentration of tln^ fuiifricide. Be- 
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“ 1 - iniJdlv (lis(‘;ist*(l; i! - <lise:»Ht‘d; 3 - scverc'Jy 

•'<’le.'iii, Jiiild, ui<Kl<*r;itt*ly. jiiid sovondy bulbs wrri* minuM’icul vubu*s or' 

(•, o.'i.'i, ()(>.(>, uiui 1(H), r(‘sju*(tiv<*ly. 'Plu* disouso index fur niiy jjfivoii tmitiiiont wus ob- 
tiiiiu'd by Hiinnuina; tin* ]irodiu*ts oT tin* miiiduTs of bulbs iu c.irli cluss uiid tho imiiieru'ul 
vului's of 1h(* rlussos and dividing by tlu* total iiuiuIum- of bulbs in Iho Iroatiiiciit. 

cause the planting was in a (piarantine area, it was not feasible to iiieliule 
an untreated control. However, the trend of disease d(‘velopment in lots 
receivin’^: the different treatments corroborated the laboratory and friwn- 
liouse results. At concentrations of 1-1()()() and 1-2000 of Piiratized N5X 
for 48 hours the disease indices were 3.1 and 4.5, and the actual jiercenta^es 
of diseased bulbs wei*e 5.7 and 8.7, respectivel.v. At a concentration of 
1-4000 for 24 hours, 28 j)er cent of the bulbs wen* diseased and the disease 
index was 15.2. In the held as in the «:reenhoiise there was no evidence 
of injury. 

Ill 8;e])tember and October, 1945, extensivi* plantinjrs were made witli 
bulbs treated with Piiratized N5E under a wide raiijn* of conditions. While 
most of the bulbs were treated for 48 hours with a 1-2000 solution, in more 
limited treatments the concentration and the lenjrth ol* treatm(*nt were 
varied. Ajiproximately 2,000 bushels of bulbs were treated, and by January. 
1946, satisfactory stands were present in all eases. This indicated that this 
material may be used in the field with safety.— F. J. LkBeau, Loiiisiana 
Afjrieultural Experiment Station, Baton Roujre, Louisiana. 
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Fungi Causing Disrascs of Sugar-beet Seedlings in Montana. Afanasiev, AT. At. 
NiiiuuroHs isolations were made from diseased sugar-beet seedliugs grown in tlio field and 
in the greenhouse. Isolates include representatives of the following genera: Phoma, 
Fusarium, Maerosporinm, Rhisoctonia, PytJiivm, and Aphanoviyees. Jieet seedlings in 
either chloropierin-disinfeetcd or steam-sterilized soil in tlie greenhouse were inoculated 
with many of these organisms. Fusarium^ Maero:;porhini, and Rhisocionia wme only 
slightly i»athogenie, Phoma and Pyihinm Avere iiiociMati'ly so, and Aphanomyevs was 1he 
most patliogenie on sugar-beet si’edlirigs. The symi)toms produced by Aphanomyevs on 
sug.'ir beets grown in the gi'ecMiliouse resemble those of the diseased seedlings in the field. 
Seinlling diseases of sugar beets, from the standpoint of the organisms involved, are eoin- 
]>lex, and it is believed that in Montana Aphanomyevs is more important as a jiathogtai 
then is any of the other fungi mentioned. Sonn* of tlie fungi studied are only weak i)ara" 
sites and jiossibly act as secondary invaders. 

A }ivan Virosis of 1 mportanet in Montana. Afanasiev, AI. A1., and II. 11. Mokkis. 
Tor a number of y<‘ai's a virosis wjls observed on (treat Xortliern bean, a variety resistant 
to bvan virus 1. This virus (dosely resembles bran virus Ilean leaves are mottled, 
ilistorted, and crinkled, and older plants become rugose, dwarf, and spindly. Plants grow 
slowly, bloom late, and yield p<»orly. The virus is not transmittcal through the seed. Infec¬ 
tion resulted wlu'n the infectious plant Juices were inocuhited into Cna'at Northern beans 
IM. Ifi, r.T. fifi, Alont. 1; Hed Kidney; Pinto; Ideal Afarket; and on white and yellow 
sweet clover. Results Aven^ negutivi* Avlieii red, .Msike, Tjadino, and Dutch White clovers 
ami alfalfa w<m-<* iimciilated. Although symptoms Amri(‘d, all bean varieties were e«jii,‘tlly 
Nuseejitible except for (.Jreat Northern Afimtana 1 which was somewhat less susceptible. 
Inoculated heaves of white and yellow HW(*et clovers had a chlorotic mottling. Jtean varie¬ 
ties bt‘cam(* infected when inoculated with Juice from field-grown white and ytdlow swe.id 
clovers and Hod Kidney beans having symjitoms similar to inoculated iilaiits grown in the 
gre(>nhouse. Tho sweet clovers or some other leguminous plants probably may b(^ the 
sourco of infection on beans. The virus was inactivated in a dilution greater than 1 -lOO: 
by heating for 10 minut(‘s at 00’ and by aging in vitr(» for IS hours or longer. 

Hrown Stem Rot of Soybean Caused by an I’nideutifed Fungus. Allinuton, Wii. 
iiiAAi R. This disease apjieared in a few fields in (Central Illinois in the fall of 10-N. aa<l 
in 1045 it occuitimI in severe ejiidemic form ia (Viitral Indiana, Illinois, and Iowa. The 
damagi' in (Viitral Illinois was extensive, reaching 10 ptu’ c(‘nt in somi* coiiiitios. (\nnph‘te 
loss of yield occurred in some fields. Symptoms consist of hrowiiiug of the pith and xyUuii 
of the stem, starting at or below the soil level and progressing slowly ujiwaixl with only 
slight external symptoms in evidence in the form of occasional blighting of lower h'aves. 
Then with nnnsual ra])idity the leaves in tin* tojis of the plants devedop an interveiiial 
chlorosis that is quickly followed by necrosis. In advanceil stages tlie ontsidi* of tin* stem 
ajqioars brown and ilu^ ])iants lodge b:idly because of extensive internal rotting. Tempera¬ 
tures niust be low for disease deveio]mient. The fungus aiipcavs te be soil-borue and 
generally jireseiil in the ATidwc'st. The dimse, putty-colored, nonfruiting mycelium grows 
slowly on all media rested- Isolation and artificial inoculation are nsadily made by staml- 
a»’d methods. A jew fields Jiave indicated that eoiitinuous (*i‘op])iug to sovbeaiis iiiav 
iucrt*ase the disease dam.ige. 

EjJ'id of Crotrih Sub.dauees on (ilomrrella vingulata. Anuks, J. (). Fifteen growth- 
promoting ♦aibstances were tested (»n 4 moiioHp(»iic lines of the organism liy addition to a 
juiueral-salts-glucose medium containing ]uirified agar. (loloni<-s were grown compara- 
tivtdy in J'etri ])lotos. (IrowTh, as measiir(‘d by colony dinmeder, increased in all lines when 
rholino chluridi* was added. One lino responded to the addition of niacin and anotlKU* to 
the addition of thiamine. 

J Chromogt nie Line of Gtomerella. eingulaia Derived from an Ascnsimrv. Andes, 
,1. O. Six aseosponvs isolated from a single ascus produced 5 tyiiical plus colonies ami 
I red coloin. Tlie red culture produced cemidia abundantly but never formed ]K‘ritliecia, 
liitlicr alone or when mated wdth jibis or minus lines. It appears to be identical with 
another ehromogeiiic lino that was isolated from an apjile. by AT. C. (loldsworthy. 
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Manffanesc Toxicity, a liactor in the Cause of Infernal liarl: Xrcrosis (Apple Measles). 
Bero, Anthony, and (iENp:viEVK CbuiiO. liivi*sti|^atioiis for (> years slio\v(‘d that the tis¬ 
sues of apple trees affected '"dth tliis disease usually contained abnormal amounts of man¬ 
ganese. Accordingly, the role of manganese was determined in a series of greenhouse 
experiments. When Ked Belieious trees were grown in soil which had been taken from 
orchards wh(*re the disease was sevens and to which manganese was added both the nunib(T 
of plants affect(*d and the sev(*rity of the disease increased. T?om(* Beauty, a variety nor¬ 
mally not subject to tho disease, wlien grown in similar soil and similarly treated did not 
become affected, although the tissues took u]) largt^ amounts of manganese. Red Delicious 
tn'es grown in soil obtained from locations where the disease did not occur became dis¬ 
eased whcui Tiiangauese was added. The controls in this soil did not contract the disease. 
R(*d Delicious trees grown in sand culture to which varying amounts of manganese W'ore 
added also became diseased at tho higher concentrations of manganese. In all cases the 
disease appeared in Into summer or early fall and developed Avith great rapidity after the 
first signs bocjnne visible. J’rcliminary ex]>eriments imlicate that incorporation of limt* 
in the soil inhibits absorption oi’ manganese and tends to prevent this disease. 

Diseases of Teosinie, in Mexico. BOHLAur., ]V. E. Two smuts have beeji collected on 
teosinto (Enchkiena. mexicana S.) in the vicinity of Am<‘cameca, Mexico. One Avas identi¬ 
fied as Vstilayo Kt llermanii (h, Avhile the second has been tentatively classified as Soro- 
spariuin. Bcdli staminate and ])istillatc intlorescimces and tln*ir supporting tissues are 
affected by Sorosporinm. this smut being distinctly different from V. Kellcrmanii. W- 
though a. large number of colh‘ciions of t(‘osinte Iuiav been made in various parts of 
Mexico during th(‘ past year, smuts have' been found only in the one area. By far the 
most common disease cd* Ijsisiiitc" Ihrcmghout its range* in Mexico is leaf rust (Pnednia 
s<n'ffhi) Avhich has l»eeii c{»ih'cte<l from Avidely separated geographic ;n'i‘as. 

I*nrcinia. sorphi on (Un'n in Mexico. BoKLAt'G, M. E. Recent studies liaA’e dmnon 
straled the cxist('nce of corji rust throughout Mexico. However, for many years there 
has been considerable s(‘lectiori for rust resistance on a r(‘gional basis. Jn 1944-194o 
colh’ctions of lines and varii*tit‘s of <'oni from Mexico, th<' United vStates, Uuba, Venezuela, 
Hawaii, and (luateinala AV(*n‘ grown in field tests at Uha])ingo, Mexico. Tremendous dif¬ 
ferences were observed in their reartions to races of Puccima sorphi in that area. Reaction 
varie<l from a high degree of rt‘sistance to complete susceptibility and early di'.atli. Tn 
general, varieties native to the area in which tests wove, made \vi*re v(‘sist!inl; lowland 
corns wow highly susceptible and many hybrids, inbreds, ami varieties from other countries 
were completely suscej)tible. 'Plie distribution of races of Pnccinio sorphi in Mexico is 
being studied along with flu* significance (»f the speci(‘s of Oxalis Avhich rust heavily 
('ach year. 

Tuhercnlaria ('anltr and Diebael: of Vlmns pmnila f.. (’vktku, .1. C. Tn August, 
l!hi9, branch and trunk cankers Averi» observed on .several tre(*s 4 to 10 feet tall in a com¬ 
mercial nursery planting of Siberian elm (J'lmns pnmila L.). Single-spore isolations AVere 
mad(» from black sporcuhichia that had d(wdo]uMl in the cankerous bark. Tlu' fungus 
isolated Avas a species of Tuhercnlaria, apparently uiidescrib(‘d. Se\’en trunk and IS braiich 
inoculations Were made on IH Siberian elms oi/April (i, 1940. Tnfection developed from 
0 of tin* trunk inoculations ami 17 of the branch inoculations, and subsecjuciitly cankers 
\v('n* pnahiced. Tn general, infection became evident within 10 days and sporodochia 
beeamo visible in about L’O day.s. (bankers on trunks and branches contimuMl to enlarge 
until iiiid-.Turie, at which time callus tissut*s began to de\elo]> at their margins. By late 
August many ()f the cank(‘rs were coAcred Avitli c.allus. Uaukers j>rodured by both inocu¬ 
lations and iiatiiral infectious failed to enl.arge in succeeding years. Branches Avhich had 
l)e(*ii imtculated gradually died doAviuvard from the p<»iiil »»f inoculation, usually to «lis- 
tarnu's of 4 to 8 iiich(*s by mid-.lime, 

A Xeiv Pace of (k rco.spora orysae on Pice. (4iti.Tox, St. .John' V., ami 1*.. t . 1 lOii.is. 
Previous to 1944 the rice v.ariety Rexoro Avas resistant to tlu' A^arjous laces (»f Cercospora 
oripac kiK)Avii to oecur in Jjouisiana and Texa.s. Tn 1944, this A'ariely Avas toinul Avilh 
su*sce])tible-type lesions. In 194.1, the disease had spread OA’cr nearly all the l.ouisiana and 
Texas rieo-growing areas, lii inoculation tests, Hu* A'arioties Blue Rose*, T5lu(* Rose 41, 
(Viloro, ami Forliuia, which an* used to s.*parate the 4 known races of C. ory^ar, wove 
resistant to cultures of this jieAv race from Tjoiiisiaua and Texas. Tex;is TAatna ;nid Jilue- 
boniiet, two jicaa' varieties recently r(*leased, for Avhich Rexoro Avas one of the parents, aa’oio 
both suseeptible to the neAV race. All generations in i*ross(‘s lujtAAeen lesi.staut Aui ieties 
and TTexoro segregated in a *‘5:1 ratio, Avith .‘5 resistant and 1 siisco]dil>lo. (Louisiana 
Agricultural Exj)eriiiient Station and U. S. Department of Agriculture.) 
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Genetic Variofton in Gihherelia zear in JfeJation to Adaptation. Christensen, J. J. 
As a result of genotie variation a monoeonidial isolate of Gihherelia zeac appeared to 
develop increased tolerance to malacliite green, mercuric chloride, and ethyl mercury phos¬ 
phate. When grown on potato dextrose agar coiitaiiiiiig various concentrations of tliosi* 
toxic substances the fungus produced many distinct variants differing from their parent 
in cultural characters, physiology, })atliogenicity, and morphology. On malachite-green 
agar some variants grew more* than 100 times faster than tladr parent, while others grew 
at slower rates. ^Phese <iifferences have persisted for many cultural generations. In th(‘ 
absence of mutation, there Avas no correlation between the number of generations a line 
had grown on a toxic medium and its ability to grow on it. However, the source of inocu- 
liitn had a decided effect on the ability of certain variants to begin growth on a toxic 
medium. Variant 1-U failed to grow readily on malachite grt'cii agar when the transfer 
was made from Smith-TTumfeld agar but grew perfectly aa'cII when taken from potato- 
dextrose agar. A mixture of several distinct variants was grown for several cultural 
generations on potato-dextrosi* agar; then, Avhen ^roAvn on toxic media, the com])onent 
lines assorted themselves so that they could readily be r(‘cognized. 

The E^ect of Shading Techniques on Tmn.*<mi.f.Hion of Tobacco-mosaic Vimts through 
Dodder. Cochran, G. W. In transmission ex])erinu*ntH, virus-free dodder, Cuscuta cam- 
pentrisy established on healthy' ]K>tted tomato jdaiits was passed through paper barriers 
and connected to tomato plants infected with tobacco-mosaic virus. In one exj)eriment, 
75 per cent transniissicm occurred when healthy plants Avere starved by' holding in dark¬ 
ness, with all growing ])ojnts nanoved from the connecting dodder. No transmission of 
virus occurr(‘d to an equal uumlau* of unstarvt‘d healthy plants connected by unpmned 
dodder. In another experiment, all dodder groAving ]»oints Avere removed after connec¬ 
tions Avere established. All diseased plants and half of the healthy jdants Avere held under 
continuous light. I’he remaind(‘r of the healthy plants Avere staiwed of carbohydrat(*s by 
bagging. Dodder connections avcuc* luaintainc'd for 2 we(‘ks. Virus was transmitted to 
per cent of the carbohydrate-8tarv(‘d planhs and to (miI.v })er cent of the uustarved 
plants. The remoAal of all dodder groAving ))oints rt'sulted in a channeling of carbo¬ 
hydrates and \irus directly' across the dodder stem from i)lant to plant. The direction of 
carbohydrate movement through this dodder channel Avas apparently det(‘rmined by’ the 
carbohydrate gradient. .A high carbohydrate leA'(*l in diseased plants and a very Ioav lev(*l 
in healthy' plants faAored virus transmission. 

Ving Spot, A Common Contaminant of Stone Fruit-Virus Cultures. ('oc'iiRAN, D. V. 
In host range studies Avith stone fruit viruses, if avc infect a suspect host of a differiutt 
species Avith inoculum from a mother pl:nit and, in turn, re]>r(Klnce similar sA'iipd-oms on 
the mother plant s]iecies by' transfer from the infected suspect host, Ave conclude the syni])- 
toms ju'oduced in the suspi*ct host to repi. sent those of the virus causing tlu‘ dis<*as(‘ in the 
mother plant. This technifpie is not suflicieiit to shoAV that the mother i)lant Avas not 
carrying tAVo viruses, one producing symptoms in the original or mother ])lant and existing 
latent or obscured in the second or s ispect host, Avheveas the other existing latent in the 
mother plant is resjionsible for symptoms in the snsiK*ct host, both of AA'hich Avere trails 
mitted in each traii.sfer. The ring spot virms has been found Avidely existent in both culti¬ 
vated and Avild prunus species in nature. This virus is a comjdex Avith many forms, most 
of Avhicli jiroduce symptoms only in tin* early' stages of infection and some of Avhich infect 
ciwtain hosts Avithout symptoms. Source material of other viruses and eomniercial niirserv 
Slock has coiiimoiiJy lieeii found carrying the ring-spot virus Avithoiit visual syiiiptonis. 
(loncliisions draAvjj from work Avith <*ontamiiiated stock Avill result in confusion in the 
literature. 

Interaction of Somr Forms of the l'cach-mo,^aic I'lrus. (^oeiiKAN, L. (J., and John 
L. Hue. Extended studies have demonstrated the existence of a multiplicity of forms 
of the peach mosaic virus capable of j-iodncing a symptom gradient on Hale peach ranging 
from a severe effect t<» one so mild that diagnosis is doubtful. Early work indicated that 
forms producing mild effects commonly arise in trees affected Avitli severe forms and can 
be obtained from mildly affected 8])ort-like branehes. If trees developed from tlie.se simrt 
like braiicbos wme reirioculated from the “severeportion of tln^ mother tree, no increase 
in stwerity of symptoms resulted. Bodiiio found that mild forms protect against severe 
forms from the same locality in Colorado. In many combinations the aiitliors have ob¬ 
tained conflicting results. A mild form arising in Texas inhibited symptom production 
by a severe form from Texas but. failed to interfere Avith a severe form from Arizona. 
Similarly an Arizona mild form jirotected against the Arizona severe form but failed to 
inhibit the I’exas soAeri^ form. In other combinations mild forma variously moderated 
the symptoms of s(*ver(‘ forms as conqiared with checks. It thus appears that the peach- 
inosnie virus is a complex of variously related forms AA'hieh compete in peach. 
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A Wiit and Root Rot of Asparagus officinalis L. var. alfilis L. Cohkn, Sylvan 
Trvin( 1 . Fusarinm oxyspornm f. asparagi causes a root rot and va8<*iilar nilt in asjiaragiis 
in the United States which is distinct from a foot rot in Germany eaiiaed by F. cidmornm. 
It may affect 25 to 50 per cent of a ]»lanting, producing yellowing, stunting, and wilting 
of th(‘ growing stalks.^ Vascular discoloration occurs within affected stems, roots, and 
crowns, and it is associated with reddish brown h^ions and rotting. When nurseries arc 
established in contaminated soils, a severe damping-off occurs in circular areas. Single- 
s])ore isolates of tln^ fungus from Washington, California, and South Carolina proved 
to be morphologically and culturally indistinguishable and 'were etpially pathogenic. A 
soil t('my>erature of 28" C. and sandy soils favor the develojnnent of the disease. Becaiisi? 
of the anatomy of asparagus, severe symj)toms may appear one ye‘ar and not the next, 
although the jdant is still infected. No effective control measures are known. Observa¬ 
tions of field plot« reveal that fertilizers have no significant effect upon tlie disease. 
Twelve sj)ecies and varieties of the genus Asparagus proved c*qually susceptible. What 
ajipears to be the same disease has been reported since 1908 as ‘‘stem rot.” “dwarf 
asparagus,” “stem canker,” “root rot,” and “wilt.” 

Plant Pathology in the U. S. Navy in Wartime, (7ook, TTarold T. Duties performed 
by the author while an officer in the U. S. Navy in the South and Central Pacific areas in 
World War II demonstrated that the training and experience of plant ]»athologists may 
be ajjplied j)rofitably to problems of ])roduction, procurement, and handling of food sup 
plies for the Armed Forces and indicated that plant ]>athologists may be used eftici(*iitly 
in the Armed Forces in future wars. Duty in the Soutli Pacific was to organize and direct 
insp(*ction of fresh, canned, dcdiydrated, and (juick-frozen fruits and vegetables obtained 
fnmi Ncav Zealand. This involv(‘d preparation of specifications, training and suj>ervision 
of inspectors, and establishment of procedures and policies. Additional duties were to 
increase production and develop im]>roved methods of harvesting, ])acking, and storing. 
Surveys were made of the availability of certain food sujiplies. A inajiual for cool storage 
and handling of fresh vegetabh'S was prejiared. Kefrigerated shipments to the Forward 
Ar<*as were studied and improved methods of loading and handling sucli cargO(‘s were 
instituted. Assignment in the Central Pacific was to coiiiinand a Naval Unit engaged 
in growing fresh vegetables on the islands. Production in those areas involved numerous 
cultural, disease, and insect ju’oblenis. 

Jlvlminthosporium Foot Rot of Barley. Dk’Kkon, J. G. In lOI.'l and 1944, barley 
yields were low throughout the North Central spring-barley area, where Wisconsin Barb- 
h*Ms occu|»ies most of the acreage. Late sowing and conditions favorable for attack by 
llelminthosporium salirum Pam., King, and Bakke were among the factors that apj>ar- 
eiitly accounted for this barley failure. Tenip(‘rature and moisture (‘Xi)eriments in the 
greenhouse have demonstrated the im]»ortance of Jf. sativum foot rot and the relative sus 
ci'ptibility of Wisconsin Barbless in contrast to that of Oderbrucktu*. The inoculum used 
was a, composite of Jf. sativum cultures isolated from barl(*y kernels obtained through the 
area in the 2 years. (Mean .s(*ed of both varieties was inoculated with a conidial suspension 
and sown in soil, after which the fungus growing on oat hulls was incorporated into the 
surface layer of the soil. The plants were grown in the greenhouse to the fully headed 
stage at 52"‘and at 79” F. in moderately dry and wet soils. Moisture* was maintained 
by subirrigation. In both varieties, less seeelling blight occurred at the lower tein])era- 
tun* and in the drii‘r soil than in the* wed soil at the higher temperature. At 70'^ F, foot 
rot was severe in both the moderately dry and wet soil, Oderbruckcr having (>9 per cent 
healthy jdants in contrast to 15 i»er cent in Wisconsin Barbless. At 52", Oderbruckcr 
had 91 per cent healthy ])lants and Wisconsin Barbless 81 ])er cent. (Wisconsin Agricul¬ 
tural Fxperiment Station and U. S. De])artincnt of Agriculture.) 

Spread and Control of Gal’ Wilt. Dietz, S. M. and James W. Barke'it. Oak wilt 
has been found in Illinois, Iowa, Minnesota, Missouri, and Wisconsin. This disease, 
caused by Chalara qucrcina Henry and first recorded in Iowa in 1952, occurred throughout 
the State in 1944 and 1945, being most severe in the eastern part. It has been epiphytotic 
on Quernis alha, Q. Iwrcalis maxima, Q. dUpsoidalis, Q. imhriraria, Q. macrocarpa, and Q. 
vclutina. Using Koch^s ]>ostulates, the 15 species of oaks recorded as native* to Iowa have 
been ])roven as hosts for Chalara qucrcina. The rate of si)read, which occurred in con- 
ce'utric zones from the initial point of infection, varied with the season and the species (»f 
oak. Initial infection is in the crown of the tree and the fungus progressively infects 
leaves, stem, and roots. The fungus spreads more rayddly in red oak trees than in white 
or burr oak. The symptoms varied with the species of oak. The fungus rarely ovei- 
vvinters on red oak, usually on white and burr oak. It has been isolated repeatedly from 
d(‘ad twigs fi months after infected trees were felled. For 2 years various sanitation 
methods have checked and sometimes contrcllrd the- spread of oak wilt. 
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Impi’ovcmt'ni of Ai<corhic Acid Content in Ycllowa-rcaiHianl Cnhhagc, Foster, K. E., 
and J. C. Walker. Individual j)lants of Huvcral standard or improved varieties of cabbage 
homozygous for the gene for ty]»e A resistance to yellows were crossed with individuals 
from a Wisconsin All Seasons line high in ascorbic acid content but containing only type 
B resistance to yellows. Fi ;)iid F« progenies wore .studied to obtain individuals with high 
vitamin C content, desirable varietal type, and type A resistance to yellows. Ascorbic acid 
content was controlled by iniiltijde factors. Breeding lines of cabbage varied in the num¬ 
ber of factors controlling this character. Transgressive segregation toward increased 
vitamin 0 content was ajjparent in some of the F;. progenies. By use of the individuals 
sel(*c.ted, there may be developed lines of several commercial varieties having a greatly 
increased ascorbic aci<l content as w('ll as homozygous typo A resistance to yellows. 


Differences in Diploid Lines of Uslilago ::eae. Gattani, Mohan Lal. Several dip¬ 
loid lines ap])eared in the ju’ogmiy of cross 410, between the n‘lativ<*,ly stable liaploid line 
10A* and the mutable haploid line 17T),. Seven dipljfid lines differed from the parents and 
from each other in the following characters: 1) apj^earance on nutrient media; 2) rate of 
growth and enzyme ])ro(iuction; fl) .adaptability to arsenic and malachite green; 4) ability 
to cause aiithocyanin production on 4 .selfed lines of corn; 5) i)athogcnicity on corn plants. 
One of the diploid lines, 41(lqq, intermediate between the parents in most cultural and 
physiologic characters, was mutable like the 17Ili parent. Numerous mutations were 
induced by growing 410qq on media containing lithium, arsenic, or uranium. Home of 
tlu^sc mutants closely resembled the mutable haploid parental line 171), or its haydoid 
mutants; inor(*over, some of the mut.ants of the diploid 410qq were haploid, as indicated 
by their inability to infect corn plants alone. When thqpi' mutants were y)aired with lOA^, 
however, normal infection resulted, thus indicating that dissociation of diploid line 410qq 
resulted in tlie production of haploid lines similar in many resj)ects to 171>„ one of the 
original parents. 

An Aoiinomyceie Inducing Wood Necrosis and Gnmhiosis in Citrus. Godfrev, G. TT. 

An unidentified Actiiiomyces-like organism ])roduces a dislinctivi* type of ]>lant disease. 

a wood necrosis and gummosis of citrus trees—wliich is th(‘ most serious citrus tree dis 
ease in the Loiver Bio Grande Valley of Texas. Tin* synqdom is a meandering band of 
necrotic wood, well beneath the bark. It is light ochraceous buff to ochraceous buff 
(Bidgway), bordered in the region of advancing infection by a narrow band that is 
jipricot orange to rufou.s. Where an advancing band grows* outward to the cainbiuin, 
that tissue is killed, the bark cracks, and gum exudation varies from slight to extnmie. 
This is the prominent extoriuil syiiqdom of the disease. Severely affected branches :ire 
killed, and after infection has spread well into the wood in the trunk, tin' entire tree 
dies. Histological studies show the organism, with very small but clearly defined hyphae 
and spores with dimensions within the range of bacteria, to be jibundant in affect(‘d tis¬ 
sues. It clogs the xylem tubes and invades the cells in tlie medullary rays. Inoculations 
into licalthy branches have consistently reproduced the di.sease. l^rogress lias been made 
on control by (.1) pruning off b.adly affected branches, (2) exc.avating affect(‘d wood 
and treating the exposed hoaltl.y wood with a penetrating disinfectant, (3) ])r«*veiiting 
neAv infections by avoiding wounding of the teirk and by treating all juuning wounds. 

Contiul of Decay in Citrus Fruits. Godfrey, G. IT., and A. L. Byall. In a six-year 
series of tests for Diplodia stem-end-rot control, chietly on lemons in tin* Lower Bio Grande 
Valley, tliiity mate^rials were used. Most of tliem were unsatisfactory. Sodium ethyl 
meiciiritiiiosal icy late (Mcrthiolate) throughout the series consisti'utly gave nearly perfect 
control, and it was used throughout as a standard for comparison with other materials. 
In 21 tests in coucentratioiis of 1 to 10 and 15 thousand it averaged 1.2 j»er cent decayed 
fruits will! many of the tests giving perfect control, when checks averaged 27 per cent 
stem-end decay and ranged from 5.5 to 80 per cent. Fheiiylmercuri 2-2-2 nitrilotricthanol 
lactate (Furatized N5E) jnnl Thioure.-i also gave good control. Sodium orthoplnmyl- 
phenate was l(‘hs efficient and required thorough rinsing aft<!r treatment to avoid ^lerioiis 
chemical injury. Saturated borax solution and 5 p«*r cent sodium motaboraio both gave 
fair control but had a tendency to cause dull fruit and sometiiiK's early wilting and 
shrivelling. The treatments that were most effective in the control of Diplodia stem-end 
rot usually also reduced the blue and green molds (Pcniciltinm spp.); but in oceasional 
lots in mid-winter suck decay was high in s])itc of chemical treatments. The use of 
diphenyl-impregnated tissue as fruit wTaps reduced bine mold to a point well below that 
occurring after frnit-dip tn-alinonts alone. In a typical case following sodium metaborate 
dip. there was 46.4 per cent blue mold in plain wTaps and 6.7 ]>er cent in diphenyl wraps; 
following Merthiolato tliere was 29.4 per cent in plain and 7.8 ])er cent in diphenyl Avrajis; 
in the checks there was 56.7 per cent in and IU.7 per cent in diphenyl. 
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Species of Fusarium Isolaied from Samples of Cereal Seed in Canada. Gordon, W. L. 
A total of 18 spocics, varieties, or forms of Fusarivm representing 9 sections of tlie genus, 
were isolated and identified from 1579 surface-sterilized seed samples of wheat, 1152 of 
oats, and 1042 of barley produced in the 8 seed-inspection districts in Canada during 
1939 through 1943. Fusarium pone, F. sporoiriehioidcs, F. avenaceum, F, equiseti, 
F. scirpif F, scirpi var. acuminatum, F. cuhnorum, F. graminearum, F, sanihncinum, and 
Jf, nxysporum were isolated from samples of wheat, oats, and barley; F. scirpi var. com- 
pactum and F. moniliforme from wlic‘at and oats; F. sambueimim form 1 and F. solani 
from oats and barley; F. arlhrosporioides from wheat; F. lalcritium from oats; F, semi- 
teelum var. majiis and F. cquiseii var. bulatvm from barley. Fusaria occurred in a 
gnsater percentage of the sattiph's of oats and barley than of wheat; and in a greater 
])ercentage of the samjihis obtained from Eastern than from Western districts. Only a 
small percentage of the seeds of the 3 cro]>s harbore<l Fusaria, the highest proportion in 
any of the districts being 2.6 per cent of tin* seeds of wheat, 8.5 ])er cent of oats, and 7.1 
per cent of barley. 

Con trot of Fusarium Wilt of Tomato mith Dithane. tlO'rTLiJUi, David, and J. W. 
lIi'a’jJEuaER. l*r(‘liniinary experimejits with soils in pots in tho greenhouse were made on 
the use of Ditlianc (disodiiim ethylene bisdithioenrbamale) lo control the Fusarium wilt 
of tomatoes. Ditliarie was mixed witli infe.sted and noninfested sassafras loam .soil at a 
rate approximating 100 lbs. })er acre. The average emergence of tomato seedlings was 
24.4 j)er cent greater in the treated soil than in the ch(*eks. In the same exi)eriments, 
95.3 per cent of the plants in nontreated infe*st(‘d soils wilted, but only 19.3 per cent 
wilted in those inf(‘sted soils which contained Dithaiie. Wlu*n seedlings were transydanted 
3 months latcT to these* (*xperiiiH‘ntal soils, 88.3 per cent of tin* ydants wilted in the non- 
tr<*att*d, infested soil and less than 1.0 y>er cent in the Dithane-treated, infested soil. 
I’his indicates that the fungicidal effect of the Dithane may last for some time with 
normal greenhouse watering. In noninfested soils the fungicidal treatment did not 
prevtuit or re<luce the germination of tomato seeds, but sc'edlings were stunted when grown 
ill treated soils. 

Poly modal hosage-liesponsr Curve hrtu'nn ('aleiu m-polassium Falio and Potato 
Scab, (tries, Gkoiuje A., .James G. Horskam., and Tf. (1. M. .Iacob.son. The literature 
on ecology of yiotato si'ab records disagreement as to relati\e imyiortauce of hydrogen, 
calcium, and yiotassium ions. Experiments have been made on 2 soil types in 2 years with 
I'alciuin a.s sulyihati* :nid carbonate*, and hydroxide and yiotassium as sulphate and chloride, 
'riu* iucideiKM* of sc.ab Avas measured by grading the tiiliers on the basis of iiereentage 
of are*a scabbed. Tin* dis(‘ase bore the exyiected relation to hydrogen ions, but Avben yiTT 
was constant, tlie curve for jiercentago of scab showed seA^r-al mod(‘S of high scab sepa¬ 
rated l)y ^Malleys’^ i>f low scab as the apydied ("Ja-K ratio incri*ased in 3-fold units from 
0.07 to *180. In that range* there ay)|u*ar(*el to be* about 3 yieaks spae.*.etl about 9 fedd ayiart. 
Tlie* LMirve-s matelied Ave*ll in both ye*ars if the exy)<*rinie‘nlal variables we‘re liedd constant. 
Alteration ed' soil ty])e* eir the cation, howewe*r, altereel the yiositioii of the yieaks and 
valleys. The basis for the* peilynmdal curve se*e*ms to be that cah-imn and potassium Jiot 
antagonistieally in the* production of jiotato scab. The degn*e to Avhie*h tlie^y antagonizes 
e*aeli othe*r aj)j)are*ntly de‘p(*nels on the re*lative amonnts of e*ae'h. The oe'cnrrence of yioly- 
modal curA'(*s is not uncommon in biological reseaivh where 2 antagonistic factors sue*h as 
It anel OH are* v.arie*d simn]tane‘e)usly. Tlio 2 factors n4*e*d not be* n(.*c(*ssaiUy antagonistic 
so long as thc*ir offe*ct.s do neit- alle*r at e*e|ual raters Avith eicKsage. (Purdue ITniversity Agri¬ 
cultural Exporinie*nt Station and (;oiiii(*cticut Agricultural Exyicriment Statiem.) 

Burn-BligU of Jack aud Fed Pin, Following Spittle Insect Injury. Grukn'HAOF.n, 
n. 7T., A. J. Etker, and C. At dkey Ku hards. A serious dise-ase*, first brought to atten¬ 
tion in 1941, has be'cn killing Jack and ivd pine y)rogre*ssi\e*ly from top to botteim. In 
iiortbeaste‘rn Wisconsin the* dani;ige now extends OA’ew (5099 acre's on (*4 areas in 9 coiinlie'.s. 
Evidence, Avbie-b iiicludeel ce)mple*ting Koch's postulates with (5 single-spore isolates, 
showed Chilonectria cucurbitula (Purr.) Sacc. to be the caiLsal agent. The disease ii.snally 
folle)we‘el injury by the* Sarate)ga sjiittJe* in.se*ct (Aphropborn sarntogensis h itch), which 
carried the* fungus and iiitroelnce*el it AA'lliJe^ making numerous fc*e*ding ynincture's in the"! 
twigs. 33iis insect Avas actm* freim e‘ai’ly .Tuly through S('])temhe‘r. TTo\Ayve*r, the* fungus 
usually apjieared to iiicubiite over fall aiiel wiiite*r .and ineliiced most rjiyiid necrosis from 
April’to mid .Tilly. Although the fungus usually entered through sy)ittle> insoct-f(*edmg 
puncture's, it was founel de'V(*loping from Avonnds canse‘el by otl'e*r agoncie*.s. Jack pine 
on a poor site, ove*r a 14'moiith yierieid, h.ael over 100 times ineire elise*ase tlian comparable 
trees on .a good site. Se»ve*ro toj» and branch yirnning did not increase the* incidence of 
disease on Jack yiine*. Tlie^ most jiromising immeMliate* yirevenitm* st'Oins to be* eoiitrol of 
tho inse'et vector. (TT. S. De*y)art-m(*nt of Agriculture, Wisconsin Goiise*rvation Depart¬ 
ment, :iiid Wisconsin Agricultural Exyieriment Station.') 
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A New Race of Usiilago avrfuir. TUnsinu, E. T)., E. (i. Heyne, and T. Tt. Stanton. 
A collection of Ioohc smut was made from Fultex oats in Kansas in 1944 and identified 
as a new race in 1945. It is characterized by the resistance of the smut testers, Black 
Mesdafr, Larjro JIulMess, Bed Rustproof, and‘Fulghnm (0 to trace smut), and the sus¬ 
ceptibility of Ricliland, Monarch Selection, Green Mountain, Joumdte, Victoria, Canadian, 
and Monarch (49 to 95 per cent smut). Of new varieties of oats distributed during the 
last 7 years or now ready for distribution to growers, Bonda, Mindo, Neosho, and^ New 
Nortex wer(‘ liighly resistant, having no smutted panicles. Goldwin, Benton, Clinton, 
Afarion, and Mission were moderately resistant (1 to 11 ])er cent smut), w’hcreas, Osage, 
Vemtura, and Forvic were intermediate in suscej)tibility (9 to 2(> per cent smut). Boone, 
Vicland, Cedar, Tama, Florilw, Fultex, and Traveler, all Victoria-cross selections, were 
highly susceptible (74 to 9fi ])er cent smut). Regarding other varieties tested, Markton, 
Bninkcr, Bond, and Navarro were highly resistant (0 to trace* smut), whereas, Kanota, 
Fulton, Trojan, and Otoe were moderately resistant (I to 6 per cent smut). Columbia 
Avas intenmediate in susce])tibility (22 ])er cent snij-Mt). Of hybrid oat selections in the 
Kansas Advanced Yield I'c^st, the Cooperative* UnK'orm 8})ring Sown Ri‘d Oat Test, and 
the Cooperative Uniform Oat Smut Nursery, fi5 of 105 selections were r(*sistant (0 to 1 
per cent smut) to this race. (Kansas Agricultural Experiment Station and U. S. Depart¬ 
ment of 7\griculture.) 

EJfcri of Biivt on Ihv J)<‘vrlopmn\l of SratUvg Tilight and Foot Rot of IF/traf. 
Hanson, E. W. Ceres and Ttlka wheat pl.ants from seed inoculated with a mixture of 
several races of TUlvIia focUtla and T. rahrs develoj)ed more seedling blight and f(u»t rot 
than plants from seed not inocula1(‘d with bunt when grown in the field or in iionsterile 
field soil in the gr<'enhouse at St. Paul, Minnesota, in 194."). All experiments wiTc of s]>lit- 
j)lot design and included 8 replications. Seedling-blight infection ratings increased from 
an average of J2 p(‘r cent in non inoculated ])lots to 49 per emit in inoculated plots. Simi¬ 
larly, foot-rot infection ratings increased from HI ]H‘r cent in the checks to 72 tier cent 
in the jilots inoculated with binit. The combined effect of bunt infection and scH'dling 
blight caused an average reduction in seedling vigor of 1H pt‘r cent, as indicated by green 
Aveight, and a reduction in 8e(‘<lllng st.and of 8 |)er cent, ns compared with jilots not inocu¬ 
lated with bunt. The aA^erage stand at maturity in plots having both bunt and foot rot 
Avas 1() ])er cent less than for plots having foot rot only. There was no significant effect 
of bunt on the average number of tillers per plant. (T^nil(*d States Department of Agri¬ 
culture and Minnesota Agricultural Experiment Station.) 

Effect of Fu.sarial Head Ulighf on I hr Drrrlopmrni of Btinl <>/ JFhral. Hanson, 
E. W. Fusarial head blight reduced the ]»er(M*ntage of heads Avith bunt in 92 out of 1 10 
hard red spring and durum AA’ln'ats in preliminary exp<‘viments at St. Paul, Minnesota, in 
1945. Duplicate series of the* wheats inoculated Avith a mixture of sev(*ral races of 
TillrtUi forlitin and T. carirn and .sown in .adjacent field ])lots. Both pilots were treated 
iilentically until the Avheats r(*ached the he.ading stage wlum one plot w.as sprayed almost 
every evening witli a spore suspension of Gibbrrtda :yrnr and Fnsarinni spp. until an 
e]>idemic of ln‘ad blight developed. The other plot Avas not sprayed. The reduction in 
smutted head.s due to the ^n-cseiice of load blight vari<*d from o to 48 pt*r eeiit, d(*])endiiig 
on the varhdy and on oth(*r faetor.s. (F. S. Dejiartment of Agriculture and Minnesota 
Agricultural Experiiii(*nt Station.) 

Rrcent Changes in. the mem-rust Sihuition in Mt:rteo. ITakkak, J. O., W. (^. Loegkk- 
iNCr, and E. (!. Stakman. For more than a decade the distribution of raeivs of Puccuiia 
graminis iritici in Mexico has differed in different regions. P(»j)uIation trends of races in 
Northeastern Mexico have paralleled fairly closely those in the United St.ates. In the 
southern AAdieat-growing regions of Mexico, on the other hand, only races H8, 59, and 19 
have occurred in a]»prec.ia.ble amount.s, thus indicating relati\’ely lit tie effective interchange 
of'iiioculum betAA’een South<*rn and Northern Mexico. In 1945, hoAvever, races 59 and 17 
were found with sufficient frecpieiiey to cause apjirelieiision that they may b(* establishing 
themselves in Southern Mexico. Moreover, mce 8 of /’. graminis avenae Avas found lu 
Mexico for tlie first time in 1945 and was pre.s<»nt as far south as Mexico City, Avliere it 
causeti lieaA’y infection on certain varieties that derived their slem-rust resistance from 
Iticlilaiid oats. A number of unusual races of P, graminis Iritici have been found occa¬ 
sionally. It had lieeii su.s}»ected but not proved that native species of Mahoniw might rust 
at. high elevations and result, iii the jiroduction of such races. This susjiicion Avas con¬ 
firmed in 1945 when the unusual nice IG was i.sohited from heavily rusted Mahonia bushes 
growing in the mountains near Mexico (fity. (Rockefeller Foundation in Mexico, U. S. 
Department of Agriculture, and Minnesota Agricultural Ex]»erimoiit Station.) 

Field and Greenhouse Studies on Id Tobacco Hybrids and Varieties. Henderson, 
K. G. Seven commercial varieti(‘s of flue-cured tobacco and 9 lines resistant to root rot 
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(7hirluvioptiix tinxicola jind (itiu'i’ orguiiitiins), sc'leetod fioin tlio ^irogeiiv (if crosses lietween 
commercial varieties and Turkisli tobac((o, were planted in l/«()-!icr^ plots of soil only 
lightly infested with root-rot organisms. I'hmt lieight and h'af length and widtli were 
measured 5 times during the season. Leaves were harvested, cured, and graded in the 
usunl inaimor. Vlaiits of otich of tho !(> vari(‘tios wore jjrowri in jjots in tlie groeiiLonse 
iiivdor conditions fav’oi'abh^ for rool-rot infection. When aiiout (i inches hi^^li, phiiits were 
removc'd from the pots; the roots wert^ can^fully washed, inspected, and seored according 
to the s<*verity of iiifc'etion. Six hybrids were highly resistant and 3 were intermediate. 
0)i(^ eoiriniercial variety, Yellow Special, Avas nioderahdy resistant but all the others Avere 
very susceptible. Tn the field, all of the resistant lines had Avid(‘r leaves than the RiiHce])ti- 
hlo wiriidies, but leaf width was in»t directly ]H‘0]>ortinned to the degree of resistance. 
Since root rot was not a serious factor in the field test, tlie degree of resistance was not 
r(‘flectod in the yields. 

Serd Trcaimeni and OIhrr Tfxfs irifh Soi/brantt in Ontario. TIilokhrand, A. A., and 
Li. W. Kocir. In a --year s(‘ries of field ex])erinienls invol\’ing ]do1s ])lan1ed by hand in :i 
randomized, five-replicab; design, the efticacy of Spergon (3 oz. per bn.), Arasnii (2 oz.), 
and Feriiiato (2 oz.) was tc'sfed on seed lots of llie variety, A. K. Harrow, whicli difftnvd 
widely as to genninability, disease potentiality, and degree of seed-coat iniiiry. With poor 
quality s(*ed and the cracked-coat fraction of an ofln'rwise liigh-<iuality *He(‘d, Sjiergon 
a«*c(‘h*rat(‘d and increased <*mergenee of seedlings and increased yi(‘ld. In no other instance 
Avas increased em(‘rg«'nce correlated Avith stalistieally significant increases in yield. While 
the beneficial efTect of Si»orgon was consistent so far as seed of low quality or damaged 
seed Aven* concerned, such was not the case in regard to seed of high quality. Sy)ergon was 
consistently more effective than Arasan nr Fermate, however, in reducing the incidence 
of di.sease or abnormality in early-season stands of ])lants. Results indicated a conqdete 
lack of correlation between yield and stand of plants, the stands differing iiumevically by 
a ratio almost as higli as 4 : 1. 

Wiffinff hidncrd in Tomato Cnttiufts hi/ Toxic Snhstancr from Crown i/all Bacteria. 
lloiKjsON, Roland, W. II. l*K’n;KS 0 N, and A. d. Rikkh. Steriliz<‘d filtrat(‘s from ft*rmented 
cultures of Phj/tomonas 1 nmcfacif ti.*i (Smith and Town.) Hergey (f al. induced a Aviltiiig 
of tomato cuttings, which affected largely tin* leatlels, Avhile the stems and ])etioles ro- 
iriained turgid. Under standardized c<»n<iitioiis, the approximate quantity of toxic sub¬ 
stance in filtrates Avas ineasure<l by an assay involving filtrab* concentration, solution 
intake, and sevi'rity of Aviltiiig (toxic index). The substance causing the Avilting w^as 
thermostaljle in U(*utral soluti(»n, iionvolatih*, relatiA’cly insoluble in most, organic solvents, 
and dialyzable. After alcoholic fractionation of the filtrate, much of the toxic activity 
AA’as found in a, concentrate consisting largely of a previously studied glncosan. Si*\'(‘ral 
tests indicated an association between toxic substance and llu' polysaccharide. Therefon*, 
the ]iurifi(‘d glncosan (previously re]>ort«*d) aa’ms t(‘sted and found to account for a large 
j>art of th<» loxij' activity. Iiiulin and soluble starcb ((b4 jxt cent aqueous solution) also 
induced similar effects. An accimiulaticm of ])()lysaccharid(‘ Avas foniid in the leaves of 
cuttings Avilt('d by the filtrates; this a<'cumulatioii Avas greater in tin* Avilted portions than 
ill the nonwilted portions of tlie le.'ives. 

77/r Physioiop/i and Pathoyrnicity of Strains of Corticinm sotani. TTofston, Rykon R. 
A physiologic and pathogtMiic comparison Avas niad(‘ of a nuinher of isolates of Corticinm 
sotani (Frill, and Del.) Dourd and (lalz. {Phiiroctonia stdam Kiiliii) ohtaiiied from a Avidc 
range of hosts. Tlu’ fungus required small qiiantitii's of zinc, iron, copper, and manganese 
for most rapid groAvlh in a synthetic nutrient solution. No other micro element Avas 
found to iiitlin'iice the growth rate at a level below that of toxicity. Ziin* and iron j»roA’(*d 
most imyuirtant; hoAvever, neither zinc nor iron alone or coinb'ued individually with copper 
and niangaiies(‘ significantly increased the growtii rate*. Only Avhen both zinc and iron 
AV'ere present did cojqKM’ and manganese further accelerate the growth vatt*. Isolates A'aried 
in ability to utilize the various carbon and nitrogen sources employed. The liexoso sugars 
wore file most readily available forms of carbon. Additions of certain amino acids 
accelerated growth particularly during the early stages. Isolates differed in ]>athoge- 
iiicity. Some A\a‘re conqihitelA' non])athogeiiic. on all hosts tested; some had a high degree 
of s]ieeializati<)n, being patliogonic on only one host; ,and otliers Averc pathogenic on nearly 
all hosts. 

The Mode of Vector Feedinp and the Tissues Involved in the Transmission of Pierce's- 
disease Virus in Ornpe and Alfalfa. Houston, Hyron R., TCatiikkjnl IjSau, and Wxi. R. 
Hewitt. Feeding punctures of the folloAving A'ectors of FierciUs-disease virus on grape 
and alfalfa Avere studied: adults and nymphs of VraemlarephaJa minerva Rail and Neo- 
IcoUa circellata Raker; adults of TTrlociiara delta Oman and Cameocephaln fiilpida Nott. 
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All vectors sonj^lit the xylem tissue in the process of feiMling. The mouth parts reached 
xylem throufyli the phloem or through the medullary ray. They passed between or directly 
through cells, including the tracheary eleuieiits. Using /). minrrva on grape, 8(5.8 per cent 
of the tl.'lO punctures studied reached the xylem, with 32.8 per cent of these passing through 
th(‘ phloem. On alfalfa 90.9 per cent of 451 jmnctiiros reached the xylem, and 15.6 per 
cent of thes(‘ did not in.pirt' the phloem. The vectors transmitted the virus only when 
xyhun tissue could be reached during the feeding process. Confinement of the 2 species 
of viruliferouH vectors, 1). vtinerva and C. circfdlala, to various portions of healthy grape 
and alfalfa plants resulted in the following i)crceiilage transmissions: whole plant, 82.1; 
whole stem, 80.0; ex])()sed xylem strip, 65.1; ]ddoem striy), 0.0. This appears to be the 
first record of insect transmission of a virus directly int(» xylem tissue. 

Comparison of Several Funf/icides as I>ips for Seed Siceel Potatoes. Jeffers, W. F., 
and C. F. Cox. Various fungicides have been studied as prebeddiiig dips for Maryland 
(iolden seed swecjt potatoes under flehl conditionsjf Several of the newer organic fungi¬ 
cides were supcu'ior to the gouorally recommended treatments. None of the newer mat(‘- 
rials controlled black rot better than did the standard treatments. However, they did 
not cause the delay in sprout production or decrease in the number of sprouts usually 
associated with dips of bichloride^ of mercuiy (I-IOOO), Semesan Bel (1 lb./7.5 gal.) and 
borax (1 11)./r> gal.). Outstanding during 2 seasons Avere H])ergon (1 lb./4 gal.) and 
Fhygon (0.5 lb./4 gal.). In 1945, Fermatc (0.5 1b./4 gal.), Zerhite (0.5 lb./4 gal.), Thio- 
san (1 lb./4 gal.), Puratized N5E (J-4500) and Tsothan QIT) (1-4500) also significantly 
increased the number of healthy sprouts yiroduced. 

Field Studies on the Mild Slvfuil' Disease of Blaelc Raspberries. Jeffers, W. F., and 
M. W. Woods. During the past 10 years, milel streak lias become the most serious disease 
of black raspberries in Maryland. Aj)parently virus in nature, its typical symptoms con¬ 
sist of dark-green or y)urplish, water-soaked streaks on new cancs; curling of leaf tips; 
and dry, seedy fruits. For 4 years careful records liave been maiiiiaim^d on tin* spread 
of mild stronk in a planting originally streak-free. During this time the amount of the 
diseaso increased from 1.5 per cent in the first fruiting season to 46.7 per cent in 1945. 
Although infection at the end of the first season Avas rather uniformly distributed through¬ 
out the planting, there has been a mucli greater increase in disease incidenc(‘ in tin; end 
of the field adjacent to an uncultivated area than in the end of the field surrounded by 
eultivated land. 

J Virus Complex in FriinfjUnn. Johnson, Jai^iks. Sea holly (FrifUffium nquaticum 
L.) is an umbelliferous poreiiiiial species sometimes grown as an ornamental. Thc^ pres¬ 
ence of naturally occurriug mosaic-like symptoms suggested inoculation to tobacM-o for 
virus determination. At least 3 ditfereiit viruses wme ])reseul. Quo of these virus(*s, 
which at first confused efforts at isolation, Avas a mild or attenuated form of the common 
to'bacco-iuostiic A'irus. Frynaium is, lioAveA’ev, not very suscey^tible to this virus or to non- 
atteiiuated strains; no distinctive symy)toms are evident; the progress of the virus in the 
host is very slow and its concentration is often amtv low. The more <‘ommoii virus in 
Erynffium is apparently nows although it p<MHesses niaiiv similarities, in proja'ilies and 
host range, to the viruses of the cucumber-mosaic grouy). Protective inoculation tc‘sts, }iow- 
evtr, do not suggest any n-lationsliip to ordinary cucumlKr mosaic, and differential’liosts 
do not indicate relationship to the didpliiijium- or celery-mosaic viruses, Avhich the new 
virus resembles in other ri'spi'cts. A third virus producing almost uniforin chlorosis over 
the entb-e area of tobacco h'aics is occ;i.sionally jueseut in Frynpium. 

Waler-eouyrsHon. and lnf< elioii Fxpet iments on Various Plant Species. JOUNSOX, 
James. Natural A\ati*i’-coug('stioii Avas induced in plants of 39 sp(‘cies after cxiiosiiri’s of 
llo 24 hours in a moist cliamber. Barley, corn, beans, tomatoi-s, tobacco, peas, and Avheat 
were congested most leadily, but difliereiices betAV(‘en and Avithin varieties were common. 
Alfalfa, clover, .elery, and carrot were among 20 other species in wliich there Avas no 
macroscopically visible evidence of congestion. Oiitdoor-growii ])laiitH generally congested 
more easily and were imue Ijigldy predispo.sc'd to infection AvitJi representative parasites 
lhau greeuhouso-grown plants. With tobacco, 100 per cent of the ontdoor-growii iilants 
congested readily and wme infectiHl with the wildfire organism without Avoundiug while 
there vvras no infectiou on the gn'eidiouse grown controls e.xjmsed in the moist, cllambm- 
at the same time. Efforts to rejuocluco the favorable ‘‘outdoor conditions’' in the green¬ 
house during Avinter months have not been successful. Other iionwounded gn'ciihouse- 
grown plant si.ecios arc highly su8ce]dible to infection by certain parasites (c.g. those of 
late blight of ])otato, anthracnose of bean, and rust of sunflower). With such diseases 
it is as difficult to prove as to disprove the relation of coiigi*stive w'ater to ]»nslisj)UHitioiV 
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formally resistant varicti(*s of some speeios may often lu* ]>i*edis]iosc(l to lieuvv infection 
by water congestion, provided otlier cM>nditions are also favorable. 

Conh'ol of Copper Spot on Fine Turf Grasses. Keij., ITahky L. Copper spot (Gloco^ 
evreospora sorghi)y as a n(*vv disease of fine turf grasses, was ro]iort(‘d from Pennsylvania. 
It is now known to exist in many states, and it a])proaelied epiphytotie proportions on 
Piper Velvet Bent grass in Khode Island during 1915. Si)ray treatnieiits witli 4 organic 
fungicides, at tlio rate of 10 gal. solution per JOOO sq. ft. of turf, were appli(‘d July 26 
aJid 31. Tr(?atinents Avero replicated 8 times on blocks of 25 sq. ft. Av(*rage percentages 
of tlie area damaged by tlie disease were recorded Se[»tember 10 nnd 27. Piiraturf (plienyl 
mereiiri trietlianol ammonium lactate, 1: 10,000), Puratized 177 (1 : 5000), and Zerlate 
(zinc dimethyl dithiocarbamate, 1.5 lb. p(*r 100 gal.) gave a prolonged proUn-tion period 
of at least 41 days after treatment. Plots treated with Ihiratized 177 were still t»9 per 
cent fre(‘ from disease after 58 days, whereas disease had apy)earcd on Piiraturf and 
Zerlate plots. Up to 24 per cent of the grass was injured bv disease on the nontreated 
jdots, but plots treated with Phygon (2,3 dichloro 1,4 Tiaptho((iiinone. 1 lb. jicr 100 gal.) 
liad 34 ])er cent disease. Standard treatJiumts had faib‘d to control co])j)er spot in other 
experiments. 

Inheritance of Pathogenieity and Sex Ft action in Vt nturia ina< qualis. KeiTt, (1. W., 
CrRT C. IjEBEN, and J. K. Shay. A monascosporic line of Vent aria inaeqnalis that incites 
ty])ical scab lesions on Haralson and Wealthy and flecks on Yellow Transparent and Mc¬ 
Intosh ap]>le leaves Avas cross(‘d with one that incites the converse disease reactions on 
these 4 varieties. Tin* 8 ascosi)ores were isolated in serial order from each of 35 progeny 
asci and the resulting lines testwl for pathogenicity to th(‘ h'aves of each of the 4 apple 
varieties and for sex reacti(»ii. In each ascus t(*sted, segr(‘gation for pathogenicity to each 
variety as indicati-d by the lesion or fleck reaction was in 1 : J ratio. Of the 140 pairs 
of lines, 56 shoAved parental combinations for [lathogenicity (inciting lesion or fleck on 
Haralson and Wealthy and the converse reaction on Yellow Transparent and McIntosh) 
and 84 shoAv<‘<l ncAV combinations (inciting lesions on all 4 varieties or flecks on all). There 
AA'as no evidence of linkage* between the alleles governing pathogenicity to Haralson and 
Wealthy and those go\<*rning pathogenicity to Yellow Transf)an*nt and McTntosh. The 
latter were shown to lu* link{‘d with those gf»verning sex reaction. Tlu* data on second 
division segregation indicati* tliat the h»ci for pathogcjiicity d(*aJt nith herein are more 
than 33 cross-over units fnmi lh(‘ir respective centromeres. 

Corn Pericarp lnjnri(s and Sredting Disf Osts. Kokih.er, Benmaxitx. Porn-seedling 
diseases umler present seed-producing and seed-processing m(‘thods in the (\>rn Belt are 
caus«*d C'hiefly by organisms resi<ling in the soil, and the extent of damage is governed 
considerably by the extent of jK*ricarp injury. A bre.ak directly over the iduinnle is the 
most injurious type. Breaks in tin* crown Avliich t*xpose the soft ('nd()S]>(*rm are second in 
importance. Breaks iii the ]KTicar]» over the germ area to one side of or bi‘yomi the 
]>liimiile, or directly over the radicle, are still less inqiortant. Of least inpiortance are 
removal of the ti|) cap and breaks which expose only horny eiMlosj>erm. In controlled 
iiio(*nlation ex])erini(*nts some* strains of Penieiiliinn oxntienm hoAi* been the most damaging 
to coni when tin* ju’ricar]> Avas injured, Avhile some species of Pyfhinm wore second in 
impiutance. Tsolatiim from iialurally infected seedlings groAMi from injured seed in field 
soil sehioiii yielded J*< niedtivm oxatienm but si>ecies of Pythinm wen; commonly found. 

( Considerable j>ericarp injury a])pears to In* luiaA’oidable under ])resent piocessing melliods. 
Fortunately, ninch benefit is obtaiii(‘d by treating Avith seed protectants. Arasan and 
S])crgoii linAO given someAvhat better results on injured seed than the mercurials. 

Viahility of Stored Seeds of Forage Crops Treated with ftijfn'fnf Fnngieidrs. Kkeit- 
liOAV, K. W., and K. J. (i \kukk. Seeds of alfalfa. re<l clover, Ladiiio clov<*r, and Sudan 
grass Avero treati'd Avitli Xew Iiiquoved (^Tesaii, Seim'saii, Arasan, Spergon, and YelloAv 
(^qirocide. Samples of Hie Ireati’d seeds along Avith nontreated controls Avero stored in 
closed and open containers at 16' and at 25'^ C. termination Avas tested ptu'iodically in 
J*etri dishes and in flats of soil. After .30 months, treated seeds of ;ilfalfa, red clover, 
and Ladino cl(»vor stored at 25' .slujwi'd no appreciable injury from any of the fungicides 
tested. There was no <lilference in germiiintioii betAveen se(*ds stored in 0 ]K‘n and clo.sed 
containers at 25"^. (lermination of Sudan grass treated Avitl« A'cav TnqnoA’ed Ceresan Avas 
iioticeiiblv reduced 1 month folhaving treatment and Avithin (5 months none of tin* treated 
seeds germinated, regardless of storage temperature or conditiim. None, of the other 
fungicides reduced germimitiou of Sudan grass. At 10 , genninatiou of treated and noii- 
tn*ated seeds of all s])ecies store<l in eloseil containers Avas mncli better than germination 
of seeds stored in open containers. (V. S. Regional Pasture Research Laboratory and 
PennsylAmnia State College.) 
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Urnclionn 1o ('rown Utisf in, b'vainca rlaiior and b\ elalior var. arundinacca. Kreit- 
EOW', K. W., aiul W. M. Mykks. Inoeulnlioti of many in the p-eeiihoiise corrobo¬ 
rated field ol)sc‘rvatioiis Fcstuva datior was jrejierally suscejitible to ciown rust 

( Pnccinia roronata) Avliile F. rialior var. amndinncea was usually resistant. Of the many 
eolleetions of b\ tUifior t(‘sted, .'1 plants from 1 eolleetioii Avero immune from rust. Addi¬ 
tional material, which varied in rust reaction from suscej>lible to immune, from the same 
and iieijjhhorinfi; fields pr«)ved to be F, ffatior A'ar. arundinacca. Oytolo^^ical studies of the 
species indicate that tin; small, fine-leaA’od F. cUiiior has 14 somatic chromosomes wliile tlie 
tall, coarse F. dafior var. arundinacca is a hexaploid and has 42 chromosomes. Hybrids 
betwc'on th<* two Avere com[»letely sterile. 

Virn.s Tnhibitor.s in Spinach Ejiract. Ki^ntz, A. K., and .T. (\ WAiiKEK. Cncnmhrr 
nnt.'i 1. Inrnip virus /, and lohacco viru.^ 1 are not readily recovered fnnu infected si)inach 
by inechani(',al juice extraction although th(‘ first 2 viruses are easily transferred by ai>hids. 
Crude spinach extract added in equal pro])orlioiv; to infectious plant Juice eontiiijnnjj 
these* viruses usually completely inhibits infectivitfv. Spinach c'xtract contains 2 distiiict 
irihibitive entities. One of these, inhibitive to tobacco virus /, is thermolabile, nondialyz- 
jible, unstable in extremely acid and extremely alkaline solutions, ju-ecipitated by alcohol, 
and adsorbed by some activated charcoals. Infectivity of Jioiiiiifectious mixtnnv^ of 
si)inach extract aiul infectious juice can be restored by removal or adsorjdioji of tin* 
inhibitor. The second inhibitor, inhibitiA’e to turnip virus 1 but not to tobacco virus 
is tlmrmo.stable, dialyzable, is not precipitated by alcohol, is not readily adsorbed on acti- 
Aafe«i chai(a>als. JnfectiAity of a noninfectious mixture is restored by addition of calcium 
chlori<le. 

Scrotopical Relationship between Potato Latent Rinp-spot and Virulent Rinp spt)f 
Viruses. JjAioso.v, iJ. IJ. Precipitin and precii»itin-absorption t(‘sts indicate that the viru¬ 
lent jmtato rinir-spot virus causinjy a mottle and necrosis in certain varieties of American 
potatoes in the fi(‘Id is a strain of the latiuit ])otato ring-spot virus. No significant differ¬ 
ence AA^as detected betAveeji the ability of the virulent ring-spot virus or the latent ring-spot 
virus to induce antibody formation in ral)bits; both sera reacted at th(‘ saFUC dilution and 
shoAved high titre. Kecijjrocal pr(‘ci])itin tests shoAved that the potato latent mottle, latent 
ring-S()ot, and virulent ring-spot viruses are serologically imlistingiiishable. There Avere 
no debatable differences in isolates of the virulent ring-spot virus from Wisconsin-groAvn 
Phi])peAva, Katahdin, lied Warba, St*bago. or Pontiac varie,ties and isolates from the 
Sebago variety from Minnesota, Michigan, or .Maine. V(*iubanding virus (aphid-trans¬ 
mitted coini>oiient of rugose mosaic) aa:is not cross-activ(‘ with the latent mottle, the ]at(‘nt 
ring-spot, or the viruh*nt ring-s]»ot virus antisjua. The virulent ]K>tato ring-spot virus is 
desigiijited as a strain of the potato mottle (latent) virus, ring-spot group. 

The Cjftotoffy of Vstitapo striaeformis from Von praieusis. T^kaoh, J. (}., and Mauy 
Alu e Hyan. This fungus completes its life cacIc in culture on agar media. 1'he germi¬ 
nating chaImydos}>ore does u<d form a true proinycoliimi but forms a branched germ tube 
of iiuleteniiijiab* growth. No s])oridi;i are piodnced. The chlamydospore contains a 
fusion nucleus tlmt underg(K*s reducthm divi.^ioll soon after germination begins. A chance 
reassortmont of nuclei takes jjlace in the branching g«-rin tube or resulting mycelium, ;ind 
karyogainy occurs without an intC’rmediale dikaryophase. Some cells may remaiji iii the 
haploid condition and giAo rise to haploid myeeliiim. Tlu* di|)loi(l cells continue to multi¬ 
ply Aa-getatively, forming a eharacteristic fiagmeiiting mycelium that is readily distin¬ 
guished from tlie typical radiating haploiil mycelinm. The diploid nivci‘liuni in its typical 
form of groAvth breaks up into short fragments, (>ach cell of which contains a single, large, 
dipl(>i<l jiuclens. \ single cell of the diploid myc<*liuin may he transformed dir(‘cl'ly into 
a chlaiiiydospoia . Thus, the fungus appears to be homothaIJic, but jiroduces both haploid 
and diploid mycelium. It has no true dikaryoph.ase. 

Control of Cucumber Anthracnosc with Fermate. J.,ePkatt, p. ,7. Successful .culture 
of fall cuemnbers in southeastern Louisiana depends on satisfactorily controlling doAvnv 
inildeAV, aud although co]»per compounds often injure the foliag<*, Bordeaux mixture anil 
various cojiper dusts have been generally ust*d. In the hast 2 years, mildoAV control Avas 
complicated by epidemics of anthracnose, which the standard fungicides did not satisfac¬ 
torily control. In 1044, only Bordeaux mixture, 4-4-50, and Ferinate dust, 10-100 pro¬ 
tected the 7 >l.ints from anthracnose. In 1045, when a severe epidemic of anthracnose 
destroyed many lields by the middle of the harvest season, Formate, 10-100 completely 
protcKded the plants from anthracno.se and from doAvny mildeAV, Avithout foliage ininrA'. 
Bordeaux mixture and Ditliaue A\'ere more satisfactory than the copper dusts but did not 
give satisfactory control during th(‘ last quarter of the harvest. Acre yields of 2:13 244 
291. and 401 liushols Avere obtained, respectively, in the plots treated with Bordeaux mix- 
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mv, 12 per cent tnbiisi(! copjMir siilpliiite Uust, ;i per cout Cuprocido diisl, ancl Id iht i-cut 
Fcvmnto dust. IJO^\ in the Bordeaux niixture jdots were attributed to folia^^e iiijury. 

Jirlaliovs of Varhon and Xitrofien Kourrrx and ntamhin io tlif dioirlh of Pathoijenie 
and .Xoiipdllini/rHic Linrx of Venturiu inarqimlin. Lebkn', I'iht C. Tlio plivsioloRV of 
4 wild-type pathoj^eiiic ami 3 ]iuii])utlio^eiiic (•ultiiral iiiiitiiiit lines was studied in vifra. 
At. 0..) pel cent concentration, 39 carbon sources were tested in a mineral salt-aijar incdiuin 
containing 1 jr. per liter of malt extract. '^Plie most favoralile coinpouiids were ci'llobiose, 
dextrin, fructose, glucose, maltose, mannitol, mannose, mele/itose, rallinose, and sucrose. 
l\v(‘nty-one nitrogen sources, mostly amino acids, wen* test(*d in a similar medinm con- 
tainiiig gliieo.so and nitrogen t*quivalent to 0.003 M KXO,. The best compounds for most 
hues were arginine, glutamic acid, histidine, proline, urea, Ml^NO,, (NU.),HO„ and 
KJN’O.j. Ability to utilize the carbon and nitrogen sources varied among tlie lines. Jn a 
mineral salt>gliicose medinm containing jmrilieil agar, the following substances wen* tested 
singly and in combination: adenine sulphate, ascorbic acid, h-alaiiim*, biotin, calcium 
pantotLeuate,^ choline chloridi*, a folic acid’’ concentrate, gnauine, inositol, nirndn, 
p-aminobtmzoic acid, |)imi‘lic acid, pyridoxine, ribollaviu, thiamine, uracil, and xanthine. 
Only thiamine had a beiielicial etfeid, and it was grt*ater for some lines than lor others. 
When thiamine wa.s jiresent, substances in “ vita min-free ’ ’ cas»*in hydrolysate also stimu¬ 
lated growth. oSono of the observed differences in tin* jdiysiology of the lines was clearly 
associated with th(*ir pathngt‘nic capabilities. 

Control of llartfrial ruslulc of Soybran by Dusiinr/. Lehman, S. G. In 1944, 
favorable results Avere obtaiiu'd from an cxpcriiiient designed to control bacterial pustule 
of soybean by dusting growing plants with fungicide.s. The experiment was repeated witli 
am]dification in ll>4.'i. I’ln* (lust projiaratioiis used wore: (1) copper-clay containing 7 
per cent metallic cojiper from Tenn. 34, (L*) co|>per-sulphur having 7 pei* cent metallic 
copper from T<*nn. 34, (3) co[)[)(’r talc containing 7 per cent copper from (.-op]>er C’ora- 
jM)und A, (4) I’O jier cent Fermute in Tyrox laJc, (5> 20 per cent Zerlate in Pyrox talc, 
(ti; 32r)-niesh sulphur, (7 ) 10 per c(*nt Fermate in sulphur, (S) 5 per cent DPT in sulphur. 
Six applications of each dnsl were made. Only dusts containing copper reduced bacterial 
pustnU*. In control rows not dusted, h*ss than 5 ]M r cent of the leavi‘s were entirely fre<‘ 
of disease. On tin* remaining 93 per cent damage ranged from slight to sevt>re. Jn rows 
dusted with copjier, 37 to 74 ])er cent of the leaves were I'litirely fr(*e of disease; tlie re¬ 
maining leaves sliowi‘d litih* injury, f<*w or none being severely damaged. Plots dusted 
Avith cojiper yielded 4.9 biis]i(*ls per acre more than plots not dusted. Sulphur dust rediic(‘fl 
yieUls about as much as co]»per incroased them. 

Firtd Tfsift wilh I><ur 0 on Cottonseed, JjEIIMAN, S. (i. From preliminary green- 
hoiist* tests on ctdtonseed treated Avith hitherto unused preparations, Doav 9, containing 109 
per cent of zinc salt of 2,4,3 trichJorophenol, A\as selected for field trials in 1J)44. It Avas 
conijiared Avith A'oaa Improved Oerosan, tin- standard material for cottonseed treatment. 
Dosages of 1.3, 3, and b g. of dust per 1990 g. of .seed were used. Th»w 9 at the loAVOst 
dosage gave seedling stand increase's ecpial to those I’rom C'eresan. Higher doses of Dow 9 
gaA'e smaller increases. In 1943, Dow 9A, containing 23 pi*r cent, and Doaa* 9B, containing 
59 [ler cent of zinc salt t»f 2,4,3-trichUu'opheiiol, Averi- each nse-d at 1.3, 3, and 9 g. per 
1000 g. of si-ed. XcAv Imiiroved Oresan iiicn*ased surviving st*edlings 99.3 per cent; 
9A, 124.8 per cent ; and 9B, 139.7 ])cr cent. 'Phe 3 to KHU) doses of both Dow jireparations 
gave incr<*as(’s ap[fruxiinately eipial to higher eloses. In another test, seed tn-aled Avith 
a and (i g. of Doav 9B jier j'oOO g. of seed and stored 7 and 42 days in grain sacks gave 
higher seedling siirviA’al than Pei'csan-treatiid seed stored for tin* same periods. Lmergeiice 
from seed treated Avith 9B did not differ significantly for the tAvo storage periods. 

(hitstnndiny Dif^eases of Ayrienttnrat Crops and Cses of Funyicide.s ?» ih< Cnited 
States. McPau.an, S. F. A. to facilitate research on new chemicals as possible fuiigi- 
chies and specifically to select rai»id methods for evaluating them in laboratory and green- 
hons(‘, it is neci'ssary to know which ])lant di.seast's are outstanding on a national basis. 
A tentative method for deti*rniiniiig those diseases is l>ased on an index obtained trom 
the ])rodnct of the logarithms of tin* estimated annual percentage loss (from Plant Disease 
Beporter) and of farm value. The indices, thus obtained, of 3() outstanding diseases are 
recorded together Avilh average annual loss(*s, 10-year tiuclnations, ancl present major con¬ 
trol measures. Tables .sliowing estimated aiinnal consumplion of fungicides are arranged 
according to chemicals, crops, and diseases. Thus may be seen the most «>iitstanding 
potential uses for ucav or im])roAa*d fungicides, and likewise the disease's for which 
desirablo to develop test methods. Among certain outstanding disea.ses there is in*ed for 
better fungicides: (a) seed treatments--corn and cotton sePflling blights, oat smuts; (b) 
sprays and dusts -apple scab, potato ti]) burn and late blight, ]»each and cherry brcAvii 
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iwaiiiit leaf SDot tomato blisflits. Adequate methods lor lungicide evii 
atfon aro av5labh« in eortain casM cited, but further development and standardization . 
iicccssjiry for many. 


' J yew Helmmlhoeporhim Disease of Oats. Meehan, Peaxces. and H. C. Mimniy. 
A new species of Jlelminthosporimi pathogenic on certain out varieties was isolated in 
November, 1944, from a diseased seedling of Tama oats grown in the germiiiator. Numer¬ 
ous field isolations of this fungus were obtained during 1945. 

necrosis of first internode, sciitvJlum, and seminal roots. Affected ienf bJddcs were auJJ 
JtJvish'grny^ htid reddish brown full-length stripes 1 to 3 mm. wide, and tiioir margins 
ivitlierrd. Wiltinjr of tlit 5 leaves and death of severely infeeted plants followed a few 
days after tho first leaf discolorations. Infected adult plants in the field had a brownish 
traiisliicenco of the lower iriicriiodes and tended to break over near the base. Late in the 
season tho nodes were coverted with abundant eoiu/liophores, and plants ripened prcnui- 
tiirely. Normal coJiidia were light olivaceous, sligl^ily curved, rounded at the base, 'widest 
near the center and tapering toward the apex, moderately lliin-walled. Germination was 
polar. The maximum coinidial iiieasiiremeuts observed were: length, 111 p,; width, 25 p; 
numb(‘r of se]>ta, 11. The modes were 75 p, 18 p, aud 8 p, r(‘spe('tively. The organism was 
isolated freqiuuitly also from timothy. (Iowa Agricnltural Experiment Station and U. S. 
Department of Agriculture.) 


Soil ..LrlinoniifCf ic,s in Jiclalion to Panama DiisCU'tc of Banana. Mickeditit, Clie- 
PORD H. Nine cuUur(‘s of Actiiiomycotos, isolated from soils of several banana }>laiita- 
tioiis and demonstrated to be antagonistic to Fnsarinm oxysponm enhense in the labora¬ 
tory, were applied near the stools of banana at planting time in an (ixperimental planting 
at Orange River, Richmond, Jamaica, B. W. 1. The field was infested with the Fusarium 
that causes Panama disease. The Aetinomycetes were* grown in llasks, on guinea grass 
with soil aud water. There were 15 plants in each ]>1ot and 7 rejdicales of eacli treatfiieiit: 
Actinoiiiycetes from other fields, Aetinomycetes from other fields plus grass mulch, Acti- 
nomyceies fi'tmi Orange River field plus grass mulch, grass mulch alone, and tlie check 
with no treatment. At 5 months after treatiiumt the banana plants treated with 
Aetinomycetes were larger than cheek plants. At 12 months there were no statistically 
signitica . difl'erenccs in the Panama disease in the })lots. 

Some Phenols as Agricultural Fungicides. Meei.t, T.loyu J., and Bernart) ,1. Tiijegs. 
Results of groenhouso and field tests since 1P4.*{ indicate that dust coui[)ositi()ns of zinc 
2,4,5-triehloroi)lieiiate (Dow Seed Fungicide DA and DB) fm' seed treatment cff(‘etively 
eontrol certaiji seed-borne pathogens and protect against various soil-inhabiting organisms 
that cjius(‘ preeniergence damping-off. The 2,4,5-lrichhm)phenf)l was more eff(*ctive. than 
2,4,G-trlchloropheno]. Of the several salts tested as seed fungicides, the zinc salt of 2,4,5- 
triclii(n'()])henol was most consistently effective in jirodncing liigli seedling emergence. 
Testing has been in(»st intensive on cotton and j>eas, but results also sliow that the trcalineut 
has value f(»r many other agricultural seeds. The chemical is hi“at-stabile and is difficultly 
soltibh* in water and the usual orgajilc soha nts. 


Relation of Sour Clurry Yf lloics 1o Held. Moore, J. Du-mnt. For several years com¬ 
parative yield records were taken on yellows and yellows-frc'e tiaa's in 2 commercial 
orchavds in Door Cmiity, Wisconsin. One orchard was 21 years old, tlie other i:i, in 1945. 
Both were surveyed f<u' occurrence of yellows before yield records were tak»‘u and annually 
th(*reaftei'. 1’he yellows tries of eadi orchaid were classified according to the year in 
wliich till* disease was first recorded. Each diseased tree was paired W'itli an adjoining, 
comparable, yelJows-free tree. Yielil data from tln» 2 orchards, recorded in ])Ouiids per 
tree, were very similar. I’liougJi individual trees varied eonsidernhly in the rate and extent 
of reduction in fruiiiulness, the general trend was for little or modt'rate reduction in the 
first or second year folloAviiig first observation of symptoms aud a greater reduction in the 
ensuing 2- or 8-vcar period. 1ji 1915, in the 15-year-old orchaid, for the groii]) of trees 
known to have been diseased 5 years or more the average r(*dnction in yield was ajiproxi- 
mately 50 per cent (10 ]»airH of trees); in the 21-yejir-old orchard, approximately 02 per 
cent (55 pairs of frees). t)ii the average the trees in the older orchard had b(^cn^liscascd 
longer. 


Rrlaiion of Temperature to Expression of Symptoms of Soar Cherry Yellows and 
Xecrotic Ring Spot. Moore, J. Duatn, and (1. W. Keitt. Potted Montmorenicy cherry 
t rces were budded from 5 s(>nrce.s of sour cherry yellows and placed in greenhouses with 
approximately constant temperatures of 10^, 20'^, 24'% and 28“ C., respectively. Two 
trees budded frojii each source were placed in each greenhouse. During 2 greenhouse 
seasoji'4, yellows leaf .symptoms were expressed only at 16" 0. In the third season all 
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trees were jjlaced at 16'^, and all exeejd 1 that had been at 28° for 2 seasons expressed 
yellows symptoms. Potted Montmorency treejs budded from a source of necrotic ring 
spot and put in controlled temperature gr(*enhonses expressed necrotic ring-spot symp¬ 
toms over the entire ninge from 16° to 28°. Symptoms were expressed more rapidly and 
with inert*, necrosis at the h’gher temperatures. Best leaf-symptom expression occurred 
at 20° or 24°. In greenliouse experiments with Primus pumila, P, virginiana, P. amrri- 
cauaf and P. Vesscyi budded from a source of necrotic ring spot, symptom expression was 
either very poor or lacking at night temperature of approximately 10° C. and day tein- 
])eraturo of 16° to 24° C. Symptom expression occurred on all 4 hosts and was more 
general and conspicuous at 24° to 28° C., day and night. 


Spraying and Dusting Potatoes in Miehigan in .104,1. Muncik, J. H., and W'. P. 
Morofsky. At Lake City, Michigan, potatoes sj)rayed wdth Bordeaux I)DT 8-12-1-100 
produced significantly higher yields than those sprayed with Bordeaux 8-12-100 alone 
and those sprayed with the fixed coppers, Tribasic coppt^r sulphate, Bow F-48, copper 
oxyehloride sulphate, (.opper (Compound A, and Ytdlow Chiprocide, to which had been 
added 0.5 lb. zinc suli)l>ate and 1 lb. hydrated lime j)er 100 gal. Plants syiraytal with fixed 
('op|)er plus Z-.‘19 (dichloro diphenyl dichloro ethane), Pyrethrum, B—72 (beta beta <lithio 
eyano etlivl (d.h(‘r), Bitliane, or Zerlate. yielded significantly less than those with Bordeaux 
T)DT 8-12-1-100 or Tribasie BDT. Indications were, that the excess lime in the Bordeaux 
had no deleterious effeet upon BBT and that excess lime in itself did not cause dccn*ased 
i)otato yields when leafhop])ers or other leaf-feeding ins(‘Cts were reduced to a minimum. 
Leafhoppei control w'as best with BBT followed by Pyrethrum, B—72, 2—59, and nicotine 
sulphate. Tests of 22 dusting jiiaterials were inconclusive because of drifting of dusts 
containing insecticide's for control of leafhoppers. In spray tests in 9 counties of the 
TTppeir Peninsula of Michigan 2 fixed cojipers xdus BBT AV(‘rc compared with Bordeaux 
S-12-100 and fixed copper zinc sul])hate lime. Addition of BBT increased yields ove*r 
B(irde*-aux or fix<‘d eofijn'r-ziiic sulphate* lime and elecrcased markedly leatheippcr, flea- 
l«*e‘tle*, and aphid populations. 


Paaction of Oat Varirlics to a Xew Species of ITetniinthosporhim. Murphy, IT. C., 
and Francks Mekiian. Oat varieties pe)sse«sing the “Victoria lype^’ of crown-rust 
resistance Avere highly su.s('e‘ptible in the fiedd ami gre*emhonse to a new spc^'ies of lltl- 
minttiosporium, while varieties lacking this “Victoria'' rust resistance we^rc resistant. 
No exceptions te» this were* obse*rv(‘ei among 218 oat selections tested an the gre*(*n]iouKe‘. 
Named Viedoria hybrid se*le<dions such a^ Boe)ne, Tama, Ai'icland, Cedar, Osage, N(*oslio, 
Forvic, Fultox, and Letoria ivere susee'ptible. The Bond-hybrid sele'ctions, Clmtem, Benton, 
Katoii, Boii.la, Mindo, and Camellia, were resistant, as were olde*r variedie^s such as 
Bie hlarid, Gophe-r, Huron, Fnlgliuni, Marion, Erban, Vanguard, Lee*, h ulwm, and Keel 
Rustproof. Fo i)opulations of 8 hybrids, e*ach involving one ALcteiria cnnAUi rust To.sistaiit 
parent, segregated seisce*ptibie to 1 re*sislant when iiie)e'.nlate*d with the 
Ot,he*r pe)i)nlatjons of 1lie*se crejsse's se*giTgate*d :i re-sislaiit to 1 

«M*own rust. Tlie.se elata sugge.st ceniiple-te linkage for the gene*s controlling ‘Victoii.i 
tvi»e“ of crown-rust resistane*e and susceptibility te* the J/clminthosponum. I his fungus 
has been isolated from Victeiria hybrid sedectiems grown in Texas, lenya, ^ 

North Bakeita, and Montana in 1945. At the Jowa Lxpcr.nmnt Stations, ^j : 

toriaxKainbeiw, and (Victeiria '* Richland) vBanneick wen* redm*ed 50 
hy the attack of the* fungus. S(*e*d-I)e)rne intVe'.tjoii was efre-ctive y cenitiol i*d Autli N< \ 
liupreived Ocre*s:ni. (Iowa Agrie-ullural Fxpe*rime*nt Station anel 1 . S. Department o 
Agrieuiltnre.) 

Srlntivr r.ffrcHnn.KK of C,rloh, Orgonic ««</ Inorgamo Fiwgiriilrs for tiu 
of plvtophthofa inf,MO,,, on. T’oloio,.. Aaukl, G. M. Kyrollont e,„.trol of ePM'l'.vl ■»'f 
lute I Li t was obtained with 4 <.f tin- 8 f.n.Riei.lea tested. 1 ordeanx. JVl ow Cnr-roe de. 
I’bL m (2 a dieliloro ],l-«,-i))l.tl.oq.iinone), and Ditbane (d.sodinni ethylene bisd.tbio- 

1,/fc oi«k ■’v°il"2A'.p.ori'i' ™»*“. 

in disease control, produced smaller ine*.reases * ** ’^d ^ \ urmluced iucre*aser. 

Zerlate (zinc dimethyl dithiocarbaniate) and obtaim'd Avitli Isothan 

in yield of )<'ss than 10 i>or eeat. . LsK. A randomized split-plet 

d.lorwtbaL?for tl."c c'^.^trol ol the 3 major xusc-ets ""’ly™ ^ 
namely. Icafbopper. flea be.dle, 

fungicides were applied as sprays at the leiommen ee ^ g 
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Avnil(ihilit)f of Copper in Dust as Influenced by Various Diluents. Nikitin, A. A. 
Thcro iiio soveral iiiort dilucmts available for use in pesticidal dust mixtures. There is 
eoiisideiahle variation in ehemical and physical properties of these diluents, which have 
an eH't'id on the rate of flow, adherence, and offtHjtiveness of the final <luHt mixtures for 
crep ])r()toction. EmpJiasis was j)Jaced in this study on adherenci^ and availability of 
soluble copper. This availability depends greatly n])on the sorption capacity of various 
diluents. Results secured from these tests show that a certain correlation exists betweim 
surface tension of the water suspension of diluents and their sorption capacity for soluble 
copper. Study on the sorption capacity of copiicr by various diluents shows that pyrophyl- 
lito clay absorbs much less copper than Eastern Magnesia and especially Loomkill. This 
soT]>tir»n cJipacity is in direct relation to the base exchange capacity of the diluent. Zinc 
salts aie more readily sorbed by diluents than copper and can be used to increase the 
amount of soluble copper available for the control of heavy infestation. Neutral sodium 
salts reduce the concent ration of available copper due to increased sorption capacity of 
(lie diluent. 

Use of D-D MUlurr Permits Two Crops of Walvrmclons per Year in lireedinp Pro¬ 
prom. Parkis, (i. K. Applying ]>-lJ mixture to Norfolk sand known to contain Jtlciiro- 
dera marmni. and suspected of containing the mead(»w nematode, immediately following a 
spring crop of melons, jierinitted growdh to maturity of Ji s(*cond crop of melons (August 
to Heptember) at Leesburg, Florida.. Five cc. of IV1) per hole was applied iu holes 
r» inchcN dei'p. 12 inches apart in rows that were 12 inches apart. Approximately 15 square 
feet of soil were trciated jior hill. With roughly 1200 hills per acre, tJie actual quantity 
<»f I) II used was 175 yiouiuls per acre. The soil temperatures, C inches deep, ranged from 
SL*’ tti OO'^ F. in tlie day to to 82“ F. at night. There was no evidence of injury to 
se(‘ds plant(‘d 10 days after soil treatment. On iiontrented soil the survival of Fusarium- 
r<*sl8tant Blaeklee was 25 jier cent and most i>lauts died wdum runners were 3 feet long. 
On treated soil. 09 })er cent of Blaeklee lived and 72 per cent hybrid jdants survivc’d. No 
fruits were obtained from plants on nontreated soil, (irowing 2 crops of irudons a yi'ar 
will speed up markedly the ])res(mt program of brc'ediiig for resistance to cueurlfil anthrac* 
iu)se and downy mildew'. 

Oecnrrnneo and Imporforiee of ConVers and Rots in Deeidnons Forests in Qufhec, 
PoMKRLKAir, Rknk. vSurveys in several localities in Quebec wm'e made botx^’een 1942 and 
1944 to obtain information on the healtli of deciduous forest trees. At the Forest Exjieri- 
lUfiital Station at Duchesnay, 3147 trees di.stribiited iji 115 sample ])J( ts were studied. 
The data obtained w'ore comjileted by surveys iu sugar ma]>le grov(*s in , 7 localities, and 
by stem analysis of 279 tret‘s in 4 sample plots in a white birch stand. At Buchesnay, 
13.9 per cent of the tree's W'<*re infected with at least one cankf'r, and 21 per cent W(‘r<‘ 
mon* or less severely rotted. (Mose examination of 939 trees in imq)le gre .» s show'od that 
22.1 ju.*r t'onf of them w<'re cankered and 18.4 per cent rotted. In the white birch staiid, 
9.5 per cent of 279 trees w'« n* cankered and 14.3 ])rr cent rotted. In all these stations, 
Mtefria <*auker was the most prevalent and injurious, (*s])eciallv to maple, white birch, 
and yellow birch, and the incidence of infection varied wMth siU'. Eutypdla canker 
(x'curred (>n 3 to 8 per cent of the inaple.-^, especi.'illy on tlie young tn'i's. Diodrype 
inoeonnii, Voria pnneioln^ and Pholiota .\qnarro.soidps wen' found for the first time to be 
responsible for canker. Fomts ipniarins caused the most widesprc'ad rot in maple, birch, 
.lud aspen, but otlier fungi, taken together, produ<*ed c()rrq);n;ible losses. 

1 ariahility 'in Phonia linpom. J*ount>, (Ji.knn S. A Phoina sj)eci»*s has been found 
as :i patliogeu (»f cabbage and Chinese cabbiigc .s<*ed plants in the Ifijgc't Round iii*(*a of 
Washington, causing minor leaf-spot and stalk-rot injury. It is morphologically similar 
to Phowti linpam (l\ide) Dosm., produc(?s tAqncal blaek h*g oji members of Jlras.s'iea 
nl, raeeo L., attacks a wide range of cruciferous plants, and differs only slightly in jmtho- 
genicity from V, linpam. Distinct strains of inonosporie origin have been o))taiiu*d from 
P. Ihtpam, these differing in type and rate ( f growth, st.aling, and amount of sporulation. 
Only sliglit differences in couidial .size occur betweeu those strains, but marked differences 
ill shape and size of ])ycnidia are found. Slight differeuces iu pathogenicity have been 
observed. Numerous saltaiits tend to link the strains. Because of the extent of varia¬ 
bility in P. linpotn, the Ffiiget Sound isolate is considered teiilatively to be a variant of 
this s]\*cics. ( Washington Agricultural Exiieriment Stations, Vegetable Seed Produetioii 
Laboi'iJloiw, !Monnt Vernon, Washington, j 

Cahbape Varietal Reactions to Mosaic Viruses. ForNn, (UiENN S. For the ]iast 3 
yi'iirs commercially important cabbage varieties have been testi'd for their relative suscepti¬ 
bility to mosaic viruses. In experiments in which relative susceptibility was determined 
by a. disease-index systi'in the varieties tested showed a distinct gradient, but they could 
be divided roughly into 3 groups. In the least susceptible group were Wisconsin All Sea- 
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sous, Stein's Flat Dutch, All fJcaB Select, Snceossioii, and (ilobe. In the intermediate 
^ri-onp ^ver(‘ Jersey Wakclield, Charh^sten Wakefield, All Jlead Early, Coiumhafren Market, 
Golden Acre, Alarum Market, Midseason Market, Glory of Enkhuiieii, Ibmnd Dutch, and 
Prcniinin Late Flat Dutch. Tlir* most susceptible gronj) contained the bullhead varieties, 
namely Wisconsin lIollainhT, Kiignev, Ftmii State Ballhoad, Wisconsin Ballhead, and 
Hollander. Tho first 11 in the last group were only moderately susceptible through mid- 
s(‘ason blit developed very severe symptoms by the time heads were mature. The relative 
susceptibility of the various varieties was about the same when either th(‘ cabbage A strain 
or the cabbagi* black-ring strain of (urtup virus 1 was combined witli the cabbage B strain 
ot rnuHflirwrr virus I to ]H'odn<'e the mosaic disease. (Washington Agricnltnral Ex]>eri- 
ment Stations, Vegetable Sei-d J’rodnetion l.,aboratorv, Mount Vernon, Washington. ) 

I (iriefal Jtf'acLiou of CoUon to Jiactrrial Dlif/hl. ItAv, W. W. Approximately 250 
varieties and *selectioiis of eott(*n have 1 xh.*ii tested in the si^edting stage to determine their 
read ions to the liacterial-blight organism. This technique involved soaking acid-d(*linted 
seed in a bacterial sii.s])ension, ])lauting this seed in moist sand, har\esting the seedlings 
ono week later, and scaling th(‘ disease intensity by means of a disease index based on the 
number of healthy and disi'ased cotyledons and the nature of the lesions. Th(‘ results 
obtained by means of this vapid t(‘chrii(|ne showed good correlation Avith those obtained 
by inoculating older plants in tlio field. Witli but few exceptions, commonly groAVii com¬ 
mercial varieties wer(‘ the most su.sceptil>l(‘ to blight. Ortaiu lifn‘s such as Sloneville 20, 
Sbuievillo 02-1, Sloiievilie -102, and Oklahoma ^’riiimph 92-1 had considerable resistance. 
The artificial inoculation of seedlings and field plants to determine varietal reaction to 
bliglit is jiioving very useful in cot Ion breeding. 

A Itusty Miiftlr lil't I'irus J)is(asr of the Sircct Chtrrif in I'tah. Kkevkk, E. L., and 
B. li. Ku iiAKDS. A virus ilisease of sweet cherry resembling rusty mottle oecnrs in 
destructive ]»roportions in riali orchards. Jncidimce of transmission by bud graft is high, 
approaching 100 per cenl. Tin* virus rapidly becomes systemic in the tops of inoculated 
trees ami induces in sequence vetardetl blossoming and leaf development in the spring, 
brown necrotie leaf anvis with shot hole elTcct, early senescence and exti'iisivc defoliation, 
rust-colored chloroti<' spots, ]U(‘mature aiiltirnn senescenci‘, roughening of baik, and bud 
killing. Kangy limbs witli srant foliage, usually confiui*d lo terminal juntioiis of branches, 
ultimately result. In early breakdown of chlorophyll resulting in ring-spot and lin(‘ 
terns, in early h‘af seuesemice and snbsecjiient defoliation prior to fruit rijiening, the 
disease in Dtah follows tin* same sequence as and resembles (‘ssentially rusty mottU* de¬ 
scribed for W:«-hington. In Washington, leaf necroses, ])Vononnced de\ italiy.ulioii of tlu* 
tre(‘, blossom a'ul i<‘af retaidation, ami baik rongliening do not occur. Gonsideration has 
luMUi given to the possibilities iJiat (I ) the \irus in Ftali is a inori* virulent form, (2') the 
ilisease in lb,..- results from a comb:iiation of viruses iiicludiiig llii‘ I’lKty molth* virus, 
(II) the environment inlluems's expri*ssion, (4) a dilTerout virus is involved. 

U'lll and Drriinc, a I’lrus Iti.sfUsf of Siren and Sour ('licrrits in I (ah. llK'llAKDS, 
JJ. L., E. L . Rkkm.s, ami Lkk M. llrTinixs. “AViJt" ami ‘‘diehack,” rommou ili.seases 
in the sweet and sour idieny, havi* long been observed in Utah orchards, 'riieso well- 
known dise.Mses assume additional significance liecause buds taken from red leaf-diseased 
chokeclierry jdants ami grafted into sweet and sour clierry varieties on Malialeb rootstoek 
iiidiice a cllaracleristic cherry Avilt during tho season following inoculation. A definite de¬ 
cline occurs in trees that survive the wilt. The wilt and decline, artificially produotul, 
resemble in many respect.^ the diseases observed in Ihi* orchards. Decline i.s progressive 
and, although soine of the inoculated trees die within 2 years, others survive for a number 
of years. Evidence indicates that both wilt and decline result cilhi*r from the direct 
eff(Tt of the virus or from the effect of jirodnct.s of the disoaso on the Malialeb rootstoek. 
The viriKs failed to pass from diseasml sAveet cherry branches through Mahalidi umlerstock 
to healthy branches of the swi‘et cherry separately top-AVorked on Mahaleh. Hod leaf in 
the chokech(*rry has been experiiTuuitally connected Avith the form of \\<‘stevn X disease 
of the peach in Utah. A relatiomship Ijetweeii the cherry Avilt and Western X in peach 
apjiears to be demonstrated. 

Jiff ret of Soil Nutrirnls on. the JJfivclopmrvl or Ab<p/>rr.s.sto?i of the Leaf-rot I Siimpfom 
in the Grrni Mountain Voiato Grown in the Gremhonsr. IIiciiards, M. C., B. C. Joxes, 
and Stuart Dunn. Fiom December to March, Avhen days arc short and frequently cloudy, 
the leaf-roll sviiiptom can ho masked in the Green Mountain variety of xiotato groAvn iii 
the greenhouse by adding to the soil at planting time certain soil iintricmts. When tubers 
witli siw’ere net necrosis avitc ])lanted in d-inch pots to Avhich 11 g* sodium nitrate or 11 g. 
of 8-l()-l0 fertilizer had been added, tlie leaf-roll symptom was absent in from 75 to 100 
per cent of the plants. I’Jniits frmn sections of the same tubers planled in pots Avith il g. 



4J0 


rHYTOPATHOLOOY 


snpcrphoKphuto or U potussiiim ehlorido had n-oJJ-doveloped symptoma in 87 to lOO 
I tor cent of the discs . J*tants in the pots contninmg nitrogen or complete fertmzer snowed 
a higher percentage of masking when the soil was kept reliitivcly dry. The masking was 
Jess when the tests were repented iu April and Mny, and no masking occurred when similar 
tests were made in the field during the aiiniiner. There appears to be a relationship be¬ 
tween light conditions and nitrogen niitricmls with respect to the sui)pression of the leaf- 
roll s,vmi)tom ill the Green Mountain potato. 

Geographic Disfribniion and Control of TillcUa spp. in Mexico. Eodrigukz V., Jos^:. 
Bunt is second to stem rust in importance as a disease of wheat in Mexico. Losses up to 
40 per cent have been riM*orded in fields where nontreated seed was sown. While tlie dis¬ 
ease occurs wherever wheat is grow'n in Mexico, greatest losses occur in the iiort.hi*rn wheat- 
growing region. Tillctia Ur is comprised 87.09 per cent of collections made in 3945 and 
was found in all parts of Mexico where wheat is grown. TillcUa iritidy which ri'iircsented 
12.91 per cent of the 1945 collections, has bei*n foijr.id only in southei'n Mexico. In this 
area spring and durum t^'jies of wheat jircdominatc while in the North, spring tyjies, semi¬ 
winter, and winter types occur in tliat order. Eegional variety tests are in progress, a seed 
treatment campaign is getting under way, and improved varieties are being diweloped. 

Observa/ions on Leaf and Stripe Bust of Wheat in Afexico. Kodriuitkz V., Jose. 
Field tests in central Mexico demonstrated that a nnmbm* of improved U. S. w’heat varie¬ 
ties Avere highly susceptible to the races of leaf rust {Puccinia rubigo-vera) in Mi*xico. 
I'ilot, Rival, Regent, Renown, and Newthatch were siiscejitible. Mida Avas r(‘sistant. 
♦Several selections of Kenya avovo moderately susceptible, and three durunis, Miiidum, 
Kubanka, and Arnautka, rusted rather heavily. Carlton and Stewart were resistant. 
Most of the local varieties Avere susceptible to leaf rust. Stripe rust {Puccinia giumarnm) 
attacked many local wheats during late Avintcr or 4‘arly spring Avhen they were heading. 
Some of the Konyas aLso were susceptible as AA'^ere many lines of Benacimiento x (41-11 (i). 
IJnes from Trigo Supreme x (41 IIG) w(*re resistant. 

A Dwarfing and Witches* Broom on Corn in Iowa. Skmknilk, G., I. F. Meliius, 
J. R. Wallin, C. L. Gilly, and Mukiel O’Biuex. A dvvarting, branching, and w'itches’- 
broom disease on maize has occurred sporadically in Iowa during tin* last 20 yi*ars. Tliis 
jiast season, 1945, it was mon* common th:m at any jircAnous time. In some Ioav lands in 
the north c<mtral part of the State, from 2 to 50 jior cent of the plants w(‘re cliseasi‘d. 
Many hybrids were affected. The dAvarfed idants wrn'c often h‘ss than 2 feet tall and 
excessively branched, in some cases the idants were only a foot tall and d(^ad when 
healthy corn was in the milk stage. In certain other cases the jdants were not stunted 
but AVi‘re excessively tall, Avith almost twir ^ tlie normal complement of h;aves and with few 
branches. Numerous witches’ brooms were ]»roductMl liy the terminal meristems of thi* 
side branches and the floral organs. Leafy shoots devtdojK'd from the floral organs. Oft(*n 
these Avitclies’ brooms Avere on partially dwarfed and much-branched plants. Those symp¬ 
toms of dwarfing and excessive branching were like those caused by Seferospora graminicola 
and already described on corn and other hosts. This pathogen was ])revaleiit on Setaria 
riridis in the cornflehls. Weather conditions in the spring Avero cool and wet, favoring 
Setci’ospora i n fection. 

Studies on the Milo Disease. Rlacjo, C. M., and 1 j. E. Melciiers. Laboratory and 
greenhouse studies on the root rot of iiiilo, or “miJo disease,” from 1989 to 1948 indicate 
that fungi oUicr tha,n Pythivm. orr he nomanes Drechs. may bo mainly responsible- as causal 
agents. Pure cultures of P. arrhe no manes, Fusarium moniliformcj Corticium vagum, and 
other fungi isolaled from diseased milo jilants, avciv sejiarately increased in steamed soils 
Avliich were later planted with seed of resistant and of susceptible strains of milo. The 
comparative groAvth of resistant and snsceyitible strains in any soil Avas used as a measure 
of the severity of the root rot in that soil. Appearance of the milo disease in steamed, 
noninociilated soils led the writers to siispe,ct seed transmission, and this was yiroved experi¬ 
mentally. Jn 1J>41, 22 different lots of milo seed groAvn in 1989 and 1940 at Garden City 
and Ft. Hays, Kansas, Aveie tested, and 8 of those seed lots transmitted the milo disease. 
In 1942, 27 different seed lots wore teted, of which 10 transmitted the milo disease. One 
seed lot more than 3 years old infested soil in Avliieh it was soaa'u. 

Studies in the Northern Great Plains upon the Effect of Crop Sequence on Moot mi 
Losses in Cereals and Grasses. Sprague, Roderick. Field and greenhouse studies have 
hIioaati that crop-rotation practices have had coriaiii effects on the parasitic activity of 
Pythivm arrhenomanes Drechs., P. debaryanum Hesse, and Helminthosporiiim sativum 
Pam., King and Bakke on small grains and grasses in western North Dakota during the 
favorable crop years of 1940-45, inclusive. Ail but P. debaryanum w'orc greatly inhibited 
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after several years of continuous fallow but one-vear fallow ili.] 7 mf ii a 

inimr tr,.n..!,» Wto, S'” SS 

in holding root-rot losses to a nualerate level. Barnyard manure redut^d wot rots Jnh- 
during yeais of abundant piecipitaliou, as did green manure crops. The use of grasses in 
long-term rotations was ol value in reducing losses from root rots during the grain eroii 
yeiirs, i)r()yided eoni or sonio crop otlior than sinall-gi-ain followed hreakinij. Kotation 
practices that maiiitmii soil fertility as much as possible aid the croj) plant in its conii>e- 
tition with th(‘ soil fmifri fm- nutrients. (U. S. Department of Agriculture and North 
])akota Agricultural Experiment Station.) 


Adaptation of Monosporidial Linos of Vstilago zcae to Arsenic. Stakaian, E. C., 
Irank \ . StI'Akxson, and (i. 1. Wilson. Nonmutable as well as mutable haploid iiiono- 
sporidial lines of I stHayo :rrac iiicrcasod their tolerance for sodium arseiiile from an initial 
tolerance of J400 ]»pm. to /(H)O ppm. during lU transfer gtmerations on arsenic inedia. 
Ability to grow on the same concentration of arsenic also increased Avith suceessivc trans¬ 
fers. At .)d00 j»]un. the colony size ineroastal from 15 to 128 mm. as a result of successive 
transfers. The appearance of colonies on arsenic media was different from that on potato- 
dextrose agar. WIkmi ars(*iiic-;idH]ded lines were returned to arsenic-free media they 
tended to revert to tin* original cultural type and to lose* their tol(‘vauco for arsenic. At 
tho end of 4 transfer generations on potato-dextrose agar they had reverted to the original 
in all r<*s})(‘cts, although initial growth still was slightly slo\vc*r than that of cultures that 
had been on potato-dextrose agar continuously. 


A A'f'ir Method of Inoculating Some Maydrac with L’stilago zrac (Lcclcm.) Unger. 
Stkvens, ICay, I. E. Alf^LHUs, G. Seaien'U’k, and TjOIS Tiefanv. Gorn, germinated on 
moist blotters and Avith plumules one-half to one and one-half cm. long, were inoculated 
AA'ith s]K)ridial suspensions from 2 monosporidial lines of Uslilago zeac. The lines, growm 
sejKirately iji carj’ot decoction, Avere mixcnl and injected by hypodermic needle into the 
})lnmulo slightly above* the coleoj»tile node. Infection appeared AAdlhiii 5 days on inocu- 
l.'ited se(*(Hings held at 80- C. and 90 per ct‘iit relative humidity. Well-developed galls and 
(lAvarfiiig of ]ihimu1(* were evidcml 2 days later. The 115 collections of inbred lines, 
liybrids, and open-])olliiiated Aarieties from the United States averaged 90.5 pc*r cent infec¬ 
tion; 105 collectinns of Mexicaii and Central American open-pollinated corns aA’eragcd 
88 per cent ; several collections from (Vntral America had as low as 50 per cent infection. 
When the mix(*d inoculum was diliilcd AA’ith distilled whaler the infection percentages Averc 
loAV(‘r than with undiluted inoculum. Injection of inoculum into the fir.st internodc of the 
corn seedling failed to yield smut. Euehlarna nicxicana was susc(‘j>tihle to V, zeav, but 
Trip.sacum dartgtoidrs and Coix lachrynta-jobi AAcre not. Corn and teosint(‘ AA'ere siis- 
cej)tibl(‘ to V. dictetiana obtained from Trip.^acnrn. These plants at liowering develoj)ed 
sori like tliosi* found on Tripsacum ami similar to those formed on .sugar cam* by U. 
svitaminca. 


A Corn-lot ion htlWfcn Vigment rroduclion and l*nthogcnicit y Among the Actinomyces 
Causing Scab of Vtdato. 1’aylok, (\M{i/roN F., ajid Phake.s Deckek. In tAvo consecutiA'c 
stmlies, one on the cultural characteristics and om* on the patliogenicity to potato of a 
large number of isolates of the genus Actinomyces (mostly from scabbed potatoes), there 
was a ]>ositive correlation between jiigment production on milk tubes and pathogenicity 
to jiotatoes. Alany of the isolates ])roduccd, Avithin a few days, a dark hroAvn ring on 
skim milk cultures. The color of this ring Avas Avithin the limits of 15 i—m to 17 i-m 
(Ridgway ). Of the 1127 isolat»’s common to both studies, til ])roduei*d a dark brown ring, 
w'liilc ()() did not. All of these 91 isolates caused tyi)ical scab of potato in controlled 
gretmliousc trials, Avliile tho other (><5 did not. AVith a number of the latter, soil inocula¬ 
tion Avas folloAV(*d by suj)erficial rus.seting of the surfaces of some of tlic tubers. This 
russoting di<i not resemble ty])ical scab of potato, and in no case Avas it possible to re- 
isolale the organism introduced as inoculum. 

Pathogenicity of Isolates of Jthizoctonia solani on Soybean. Tervet, Ian W.j and 
C. T. Tsiang. Ten varieties of soybean were inoculated with 8 isolatt's of Phhoctonia 
solani in steamed soil in the greenhouse at 70” F. The isolates differi'd coiusiderably 
in virulence and the soybean varieties differed greatly in suscey>tibility. One isolate from 
sAvect cloviT was strongly pathogenic on mo.sl varietic*s. It caused s(*vere pro emergence 
killing in the varieties BaJisei and Taystee but relatively little in the A’arieties llabaro and 
Kabbott, although severe stc^m lesions eventually developed on most plants and there 
was considerable rotting of tap roots and laterals. Isolates from flax and sugar beets 
wen^ less virulent than tin* sweet clover isolab*, altliough they cau.sed poor stands of the 
Bansei and Taystt*e varieties. Plants with cotyledons rotted away to leave ‘‘bald liead^' 
seedlings were not uneominon in all varieties planted in inoculnted soil. Such abnormal 
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soodlings wt*v(' rrtrt'ly found in stoiiiiiod soil. Altliou^li isolsitcs of -A*. soUini differed de¬ 
cidedly in viiuleiu-e,' tluuc wus no evidence of racc-liosl spt'cificity. Varieties of soybean 
differed in their Hii.scei)tjbility i)ut all varieties were attacked juore severely by strongly 
pafliogenk* races of 7/. solani than by weak(‘r isolates. Host reaction, as it is used in 
the sei)aTati(ui of races of the rusts and smuts, is not applicable to such a fungus as £, 
(I’. S. l)ei)artineul of Agriculture and Minnesota Agricultuval Experiment 

Station.) 

Xnlrimt rkfqitirctuf ///,s nn Aniihioiic fioil Fnncins, Slnptomifns f/risnfs (Krainslqf) 
irak'snian ainl Ilrnnci. ^J'hoknukrry, IT. H. Excellent growth of Si rep low yc(\s fjriscus 
aiul good ]»r(>dnction of streptomycin in surface cultur»‘ W(‘n‘ obtained on a litpiid syn¬ 
thetic medium (glucos(‘, 7.4 g.; 2.38 g.; K«T1 PO 4 • 3HoO, 5.65 g.; NH 4 lactate, 

5.4 g.; MgSOt* 7 TTA 0.98 g.; ZnSO, • 7H/), 0.U115 g.; EeSO, ■ 7H,0, 0.0111 g.; CuSO„ 
0.0064 g.; and MnCU ■ 4H,.0, 0.0079 g. per liter at pH 6.95). Hy varying the concenlra- 
tioii of (‘ach constituent with other components constant at tliese ainoiuits, the optimal 
concentration of each for maximal pj-odnetion wa.'-r glucose, 0.04 M. (106 units per ml.) ; 
])otassium ))ho.sphatt‘ buffer, 0.05 M. (35 unita) ; lactate, 0.05 M. (38 units) ; Mgf^ 04 , 
u.Ol M. (108 units); ZnS() 4 , 5xlO-"M. (47 units); EeR() 4 , 5 y 10'= M. (82 units); CnH 04 , 

1 ■ 10 '‘M (55 units) ; and MnOL, 5 xlO ‘M. (93 units). A now synthetic medium with 
th<- constituents at eoncemtratious of these optima gave 60 units of strt‘ptomyciu 
ill shaker flask and 162 units in surface culture. On beef-extract medium, iiroduction 
of 150 units of streptomycin ami excellent growth were obtained at 30^ C. At 35"^ C. 
growth was excelhmt but strc'iitomyciri production Aias nil. 

lAnlapr lirJaiionsliips of a Gene Deirrmininff Siisaplihilify I 0 a Disease, in Corn. 
Ullstrop. a. J., and A. M. Huonson. Susceptibility in corn to iiif«*cli()n by Helmintho- 
sporinm earbonnm race* 1, is inherited as a monogenic recessive. 1'he genic ])a.ir is desig¬ 
nated as 77/??. hin. Suscetitiblo inbred lines of corn were crossed with a series of trans¬ 
location stocks in \Yhich tin‘. gene sii was a marker for chromosomal interchange. The Ei 
progenies were baekevossed with double rcc(‘ssiv(‘s. Progeny seedlings from k(‘riiels se])a- 
ratod (ui tln‘ I'usis of endospona eh.aracters were iiioculati‘d in the greenhouse. In a back- 
cross prog(‘uy inv(dving the interchange Tl~la, 1818 si'edlings segregated as follows: 664 
N??. Jim ; 176 .^n hm: 15U Sn Jim ; 703 Sn hm. The significant deviation of this ratio from 
the 1 : 1 : 1 : I ratio ex]K*cted in inde])endeiit inheritance suggest<‘d that the genic i)air 
be locjited oil eitJier chrimiosonie 1 or chromosome 4. I^rogeniys involving interchanges of 
chromosonu! 4 with (dlier linkage gronjis gave typical 1 * 1; 1 : 1 ratios, eliminating chro¬ 
mosome 4 as a possible carrier. Further studies were with linkage groujis of chrome 
some 1. Tlie Fj ju'ogeiiies {'Or. fj) y (//???■ i l) were l)ackcrossed to the Iriph* recessive 
(■/?/?/■ hr f 1 > and backcross progeuii's were inoculated in tin* held. Segregation in HI single¬ 
ear j)j-egenii*s was as follows: Ha,rental comb illations 1346 (/????; i ) - 1175 ( 'hr f,), Kegion 
1 --:!77 ( •-* t 1 - 228 (hm 7?r /,'i . Kegioii 2-257 -i 45 (Ai?< H /,), H<‘gion 1 and 2 35 

{ • > -r 175 (hm hr-). 33ie genic pair II m Inn probably is situated on clirf>mosome 1 and 

alMiiit 20 eros.s-ioer units to the left of the pair 7>r hr. 

Iir((<iinff Tohaeco I Air id its Iltsislani -o MoMiie. VAMiKM’, W. D. l^iere are 2 
sources of resistauee to mosaic, tlu‘ X or Xteofiana plniinosa factor, and the a,aa factors 
of Ambalema. The factor when introduced into tobacco localizes the virus in necrotic 
spots if infection is light or may result in systemic necrosis if infection is lu'avy. Two 
sat i.sfactory A A varieties of hurley, Ky. 52 and Ky. 34, are being grown extensively in 
Kmitncky with no injury from mosaic. Attempts to convert l\y. 16 to an XN variety by 
crossing it with X. glutlnosa and tlien making as many as 9 backcrosses wdth Ky. 16 have 
resulted m NN varieties somewhat earlier and lower yielding than Ky. 16 but otiierwiso 
satisfactory. By crossing Holmes NN Samsoiiu with the suscejitiblc, dark, fire-cured 
varieties Tiittle Crittenden, Lirtle Orinoco, and Brown Jjcaf, and the air-cured variety One 
Sucker, and then backcrossing 1 or 5 times, resistant varieties have resulted that appear 
identical Avith the original varhdies. The use of those resistant varieties is incn'asiiig 
rapidly in 2 counties. Jn over 10 years’ breeding no satisfactory varieties of burley or 
dark firc-cyred tobacco C(»ntaiuhig the Ambalema factors for resistance have been deved- 
op(‘d. Plant type is not .sjitisfactory, and the leases are iiidincd to will and scald Tinder 
conditions where other varieties arc not injured 

Trivnlcnee of IJ el niinthosporinm Inrcicnm, Angiospora :?ene, ami Phyllacora gram in is 
iiii. Corn in Gnatcmala. WalTjIN, ,j. It. These pathogens caused foliage diseases on corn 
in the mountainous regions of Guatemala and were dcMstructive on teosiiite in Ttio AznI and 
JHo Huista valleys at San Antonio Iluista and Jacaltenango and at Laguna Hctaiia near 
T'rogreso. JJclminlhosporiuni often partially or wholly killed l(*aves before corn was well 
dented, fruiting ju-ofuselv on dead areas in the rainy season. Angiospora caused local 
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lesions only on Jeaf blades where uredial and Iclial stages w<‘ri‘ i.rodueed in suceessiun, 
lesions beeoJJiiiig eondiienl and hilling |H»rlitnis of h-aves. J>iii,Harnni Jeafspot was \n’vxn 
hnit but not so destructive as Hclminthoapiyrium and A n(jiospora. In 1944 and 19ir>, when 
.‘13S lots of corn from M(‘xie<», United States, and (Inatcmala were grown at HOod feet, 
there were sharp differences in resistance to all 3 pathogens. In IPIo, ;J0 lots of corn from 
(.iiiatemala, tl from Mexico, and 2 from TTnited States wen* vt*iw resistant to Jlvlminiho- 
sporium. Thirty (hiatemalan, 13 Mexican, and 10 United States lots Avere resistant to 
Anpiospora. 3 vvcuty-lhroc* lots Irom tluateniala were resistant to Ji^ fnuiiUio.s'poriitm and 
Anpinspora. Most corns were Aery resistant to PhiflJavoni, Imt some were markedly sus 
ceptible. (.lathering leavi's for foragi^ as ears mature and rmnoving crop refuse from fields 
before planting may tend to Jiold thc^ organisms in check. 

Jiacterial Blipht of Cofton as AfTcrtnl bp the Relative Development of Leaves and by 
(he Method of Inoculalion . WkindIiIno, liicnARO. Reactions of indiA’idnal leaves are 
greatly affected by tin* stage of tlieir development at the time of inoculation Avith Xan- 
ihomonas malvacearmn. When mature leaves Avere sprayed Avitli siisi)cnsions of this bac¬ 
terium, invasion depmided primarily on degree of stomajiil oi)ening. Mature leaves had a 
larg(‘r number of J(‘si()n.s than younger leaves with fewer functional stmnata; lioAvever, 
individual lesions on ex])aiiding and bud leaves were V(‘ry severe, Avhile those on older 
l(‘aves were })rogressively smaller. Tavo types of reactioii may be distinguished in sus¬ 
ceptible jdants inoculated by varioii.s methods. (J) Epiphytotic forms of the disc*asc 
Avero produced by forct'fnl spjaying at close range Avhtm stomata were o])(m. Mature, 
ex])anding, and bud leavers became lieaA’ily infected, but leaves in the barely mature and 
late <‘X]»anding stages w<‘r<* the more s(‘verely affected. (S') Milder forms of the disease 
were produced by applying the inoculum either with forcc'ful sjivay Avheii stomata Averc 
closed, or by using little or no pressure. Infection thus induced was the more serious 
ill the expanding and laid stages, and Avas often more seA'ere wlum plants Avore placed in 
a moist chamber for tAvo days after inoculation. 

Cuticle Cracl'inp in Green Tomato Fruits. Vor’Ni}, 1'. A. Very small cracks that 
AV(*re visible only with refl<‘cted light devclo]u*d abmidanlly in tlu* cutick* of green tomato 
fruits, at the stage usually ]»icked for tlie greeii-Avraf) trade. These cracks Avere found 
in fruits in the fii'lds at dacksoiivilh*, IVxas, within 1 day afhir 1.3S in. of rain fell on 
diiiK' 2'2 and 23, 1945, AA'lnm temperatures Avere 77'^ to 90° T\ Most of these* cracks oc¬ 
curred as se'gments of conceniric circles over the stem en<l, occupying only the dark green 
t(o»s of the fruits, (h-acks Avert* from 25 to 3000 microns long, 15 to 45 microns Avide, and 
100 to 300 microns apait. 'rimy rt‘siilte(l from splH*rical expansion of the fruits, and Hit* 
long cracks commonly contained rows of smaller perpendicular fissur(*s. The cracks ro 
inained hyaliiit* until th(*y bt'cann* de(»p enough to alloAV the epidermal cells to dry and 
then turn black or broAvn. Within 5 tlay.s, the areas Avith nnin(*roius cuticle cracks became 
sunken and black, inakiJig sjn»ts ^ to v inch in diameter. 'JV)inato biiy(*rs graded out all 
of the fruits Avith cuticle cracks and seA^cve loss aaos sustained by local growers. 




JAMBS PETER JOLIVETTE 


1935-1945 

.1 . C . W A 1/ K E it 

James Peter Jolivette whs born near LaCrosse, Wisconsin, on July 20, 
1915, the son of Bert A. and Vanetta Jolivette. After eompletinj^ his sec¬ 
ondary school training at LaCrosse High School in 1933, he entered the 
University of Wisconsin in the autumn of that year. Early recognition 



JAMES PETER JOLIVETTE 
1915-1945 


of his ability canic iu tho form of llie Steeubock Scholarsliip Award, which 
is granted aiiiuialJy to a Senior in the. College of Agrienlture outstanding 
in scholarship, leadersliip, and promise. He received the Bachelor of 
Science degree in Agriculture, with a ma.ior in Soils in June, 1937. Enter- 
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inji: the Graduate School in the same institution in September, 1937, he 
completed his Doctorate, with a major in Plant Pathology and a minor in 
Botany, in June, 1941. 

In the spring of 1941, Jolivette assumed immediate charge of the truck 
crop disease field laboratory in southeastern Wisconsin, left vacant by the 
death of Dr. Otis C. Whipple on February 13 of that year. He was ap¬ 
pointed Instructor in Plant Pathology in July, 1941. 

Having been a member of the Reserve Officers’ Training Corps, as an 
undergraduate, Jolivette held a commission as Second Lieutenant in the 
Officers’ Reserve Corps, U. S. Army, from the time of his graduation in 
1937. Continuing his training in ORC during the period of his graduate 
studies, he received a promotion to First Lieutenant in July, 1941. Early 
in 1942 he was called into service and reported for active duty on March 
20, 1942. After three months in the Officers’ Training School at Fort 
Benning, Georgia, he was assigned to Company L, 20th Infantry, 6th 
Division, U. S. Army. In May, 1943, he became (’a[)tain of that Company 
and continued in that capacity until his death. After about a year of 
intensive training in this country his Division left the Continental United 
States in September, 1943. Following a brief stay in the Hawaiian Islands, 
his Comjiany entered the New Guinea campaign early in 1944. During 
this campaign he was awarded the Silver Star. On January 9, 1945, Amer¬ 
ican troops invaded Luzon, P. 1., at Lingayen Gulf and Comi>any L par¬ 
ticipated in this landing. On February 2, 1945, Captain Jolivette was 
killed by enemy fire at Munoz, P. 1., while conducting a volunteer detach¬ 
ment in the rescue of wounded men and officers. Burial was in the Santa 
Barbara cemetery near by. He was awarded }>osthumously the Purple 
Heart Decoration and a second Silver Star citation. 

During his scientific career, Jolivette was engaged in research on vege¬ 
table diseases. He carried out very creditable work in the boron defi¬ 
ciency diseases of beet, cabbage, and other vegetables. He studied criti¬ 
cally the histological changes brought about in growing plants which were 
deficient in boron and took an active part in disease resistance breeding 
programs under way with cabbage, tomato, and bean. 

As an investigator he showed marked ability and originality. He took 
the lead among his associates in the application of modern statistical meth¬ 
ods to the design of pathological experiments and to the analysis of results. 
He showed unusual strength in making contacts with growers and vegetable 
canners. His field of science has been deprived of a recruit who had* won 
his spurs’as an investigator and show^ed great promise both in fundamental 
research and in its applications to the agricultural industry. 

Captain Jolivette was married on August 23, 1939, to Eloise Lauson. 
He is survived by his wife and by two sons, Peter Lauson, born IMay 27, 
1941, and David James, born December 11, 1942. 

A man of kindly and reserved temperanKuit, his loss is felt keenly by 
his many scientific colleagues and his acquaintances in the agricultural 
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industry. Plant Patholop:y has lost a proniisinfr recruit in a man who held 
defense of his country as his first duty. His record remains as an inspira¬ 
tion, alike to those who know him and to younger men who follow him into 
this field. 

Research papers in whieJi Jolivette \vas an author are as follows: 

luteriijil black spot of canoinjy beets and its control, (^aniiiiijr Age 19: 489-491; 508. 

1938. (With J. 0. Wat.kkr and .1. G. McLfan.) 

Studies on boron deficioney in garden beet (Beta rnl(forh^). (Ahstr.) Phvtopath. 31: 23. 
1941. (With J. C. Walkkk.) 

The boron deficiency disease in cabbage. .Tour. Agr. Res. [P.S.] 62: 573-587. 1941. 

(With .7. C. Walker and .Ioitn G. McLean.) 
lioroii deficiency in garden and sugar beet. Jour. Agr. Res. [U.S.] 66: 97-123. 1943. 

(With J. C. Walker and .7 ohn G. McLean.) 

Effect of boron deficiency on the histology of garden beet and cabbage. Jour. Agr. Res. 

fr.S.] 66: 167-182.' 194.3. (With j" C. W^alker.) 

Productivity of mosaic resistant Refugee b€\‘ins. Phyt(t}»ath. 33: 778-788. 194.3. (W’ith 

J. ('. Walker. ) 

3'he limitutioiiM of spvaviug tomatoes in Wisconsin. W'is. Agr. Exp. Stat. Res. Pull. 1.52. 

1944. (With J. C.'Walkek, O. (\ W^jiipple, and W. J. TTookek. . 

Varietal 8usce]>tibilitv in garden lM‘et to boron deficiency. Soil Science 69: 461-464. 

1945. (With J. V. Walker and W. W. Hare.) 

Yellows resistant cabbage v.arii'ties in the early and mid-season round head groujis. P. S. 
l>ept. .Vgr. 3\*ch. Pull. (In ]iress.'> 



SOME FEATURES OP THE SPREAD OF PLANT DISEASES BY 
AIR-BORNE AND INSECT-BORNE INOCULUM 

E. E. Wilson and G. A. Bakkr^ 

(Accepted for publication January 21, 1940) 

Visual evidence of the spread of phytopathogenic funj?i by wind is 
afforded in the developnieiil of the diseases on above-f^round parts of sus¬ 
ceptible plants near a source of inoculum. Plant pathologists have fre¬ 
quently reported the disease zones or gradients that appear in such loca¬ 
tion, but few have given the phenomena critical attention. They agree, 
however, that the decrease in the incidence of infection as distance from 
the source of inociihiin increases is probabJ}" associated with a correspond¬ 
ing decrease in the density or frequency of the inoculum in the air during 
the dissemination period or periods. If this is true, it follows tliat the 
characteristics of the disease gradients might reflect the pattern of spore 
dispersion,- but since the disease results from the interplay of a large 
number of factors, some affecting spore dissemination and others influencing 
infection and the development of symi)toms, the infection pattern would 
probably not possess features identic^al in all res])ects with those of the 
aerial spore pattern. According to (iregory (8), however, certain features 
of the gradients reported for various diseases are noticeably constant. This 
he believes is due in large measure to a fairly constant ])atteru of spore 
dissemination. Clregory (8), moreovtu*, analyzes some of the j)ublished 
results on different disease and aerial spore density gradients, and shows 
a correspondence between these data and f<‘atures ])ertaining to the transftu* 
of atmospheric properties (heat, momentum, and snsptuided particles) by 
eddy diffusion. 

The f)resent WTiters (19) attem]>lod to show the relationship betwxMm 
the spatial distribution of blossom blight, caused by Sch rotinia laxa Ader. 
and Ruh., in groups of apricot trees, and the pattern of spore dispersion; 
paying particular attention to <‘ffects of wind velocity on the pattern of 
spore dispersion. When a study of data collected by otluTs was under¬ 
taken, however, it became apparent that the individual effects <»f the 
numerous factors involved could not be determine<l, because information 
regarding these factors was not given in the published reimrts. It was 
desirable, therefore, for the analyses of such data to follow' a procedure 
that would provide for the effects of a large number of undetermined vari¬ 
ables without being cumbersome. 

The writers wish to describe a method based on the results of their (19) 
earlier studies of spore dispersion and to compare this method with that 

1 Associate Plant Pathologist and Assistant Statistician, respectively. 

2 The scattering of spores in the dimensions transverse to the main direction of thc‘ 
wind. Meteorologists employ the term “diflPiisionto describe a similar proc<‘S8 in the 
transfer of atmospheric properties by eddy movement. 

4IS 
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described by Gregory (8). Inasmuch as the mathematical procedures in¬ 
volved are more or Jess standard, they are not described in detail. 


correlating the pattern op disease infection with the pattern of 

SPORE dissemination 

Seven gradients of brown-rot blossom bJight were reported by the 
writers (19); 3 for 1939 and 4 for 1940. Though the rate of decrease of 
infection with distance was greater in 1939 than in ]940. the curves re})re- 
senting the incidence of blossom infection in trees receiving the inoculum, 
when expressed as percentages of the ineich^nce in source trees, were 
described by the equation : 

( 1 ) 

wliere y was tlie incidence in recipient trees, x the distance in feet from 
the c(*nter of the nearest source trees, and -4 and p were constants depend¬ 
ing on the wind vel<»city <luring the period of ‘‘effective dissemination/’" 
and perlia])s on other (|uantities to a h\sser extent. 

According to results obtained by releasing spores and intercepting them 
at different distances downwond, the aerial (h»nsity/ of these bodies 
diminished about inversely pro[M)rtional to the scpiare of the distance from 
the source. 1 fence, if the density at the station, x, nearest the source at 
which spores were interce])ted was considered to be 100, the densities at 
subseciuent distances, expressed as percoitages of tlie density at .r,, w’ere 
des(‘ribed bv 


According to other tests (19), moreover, the dispersion of air-borne spores, 
over open grouml at least, increased a]>proximate]y proportional to the dis¬ 
tance from the s(»urce. Thus, the chances for infection of recipient plants 
downwind from the sonr(*e of spores would probably diminish inversely 
jiroportional to some power of x, the distanci* from the source. 

In the .studies (19) of ajiricot blos.som blight it was possible to deter¬ 
mine the incidence of infection at the source. With many diseases, how¬ 
ever, this is frequently impossible, since the source may be an alternate 
host of the fungus, a group of plants differing in susceptibility from the 
recipient plants, or in some instances refuse such as piles of potato tubers 
(2). In order to compare tlie rate at wiiieh infection diminishes wdth 
distance, tlierefore, it is necessary to take as a reference point the incidence 
of infection at the location nearest the source at Avhich observations are 
made. This w^as the procedure adopted for studying aerial spore densities. 
In thesi‘ spore dissemination studies tlic distances from the source (point 
of release) were .r, - 5, .r., = 10, and x. = 15 feet. As it happened, the density 
values obtained at the.se distances led to the relationship expressed by 

Disiacnunatioii resiilting in the initiation of infection in the recipient hosts. 

* I’lic juiiTihor of spores j>as8ing through unit area of a phine transverse to tlic mean 
direetion of the wind. 
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equation 2. Suppose, however, that instead of intercepting the spores at 
5, 10, and 15 feet, they were caiiprht at 10, 20, and 30 feet. In the first 
case the spore density values at 10 and 15 feet w’ould be expressed as per¬ 
centages of the value obtained at 5 feet, and in the second case the values 
at 20 and 30 feet would be expressed as percentages of the density obtained 
at 10 feet. In both cases, however, the relative distances would be the same, 



ilG. 1 Curves expressing tho density, ;v, of air-bome sjiores at iiiereasiug distances, 
X, from the source of spores. The unit in which x is measured is tin* distance from the 
^urce to the nearest station, a:,, at which observations are made. The critical distance 
worn the source is such that if a:, is at this distance the observed data will follow A the 
inverse square law. Increasing x, by two or six times the critical distance, on the other 
hand, produces curves B and C respectively. 

1, 2, and 3, etc. If, as indicated by experiments (19), the density values 
obtained at 5, 10, 15, etc., feet from the source were expressed bv equa¬ 
tion 2, the ’•esults would plot curve A, fijiure 1. JudginR from this curve, 
the rate at which the values approach the x axis diminishes rapidly as 
absolute distance from the origin increases. If, therefore, spore density 
was measured at 10, 20, and 30 feet, the slope of the gradient would be leiJs 
than that represented by curve A. Since the same relative distances are 
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involved, the curve would originate at a: = 1, but for successive values of x 
it would approach the x axis less rapidly than A. In order to adjust for 
the effects of varying the absolute distance from the source to the first ob¬ 


servation station, the (piantity (i is iiitrodueed into e<|nation 2 as follows: 

loooj^ 

® (it + o)- ' 

To determine the curve of best fit for results which vary with respect to 
the location of a*, some rule for selecting a must be found. Equation 3 con¬ 
tains only one constant, a, to be determined, so we are to impose a single 
condition, the simplest and most desirable of which, perhaps, is that the 
sum of the differences between the observed and theoretical values be zero. 
The method for calculating o> is a standard mathematical procedure. 

To illustrate, the slopes of curves produced by equation 3, curves A, B, 
and C in figure 1 are plotted for a values of 0. 2, and 6 respectively. In¬ 
creases in the value of a decrease the slopes of the curves. 

In as much as the original data and details regarding the circumstances 
under which resiilts were secured can be obtained from the literature cited, 
the presentation herein is confined to the percentage relationships between 
disease development at various relative distances from the source of in¬ 
oculum. These percentages are computed from the original data, which 
in some cases were tabulated but in others appeared in figures and maps. 


disease gradients resulting from air-borne iNOerLT'M 

According to Stepanov (17). both Gorlenko and Grushevoi determined 
tlie spread of crown rust of oats in one direction from the alternate host, 
Rhamnus sp, Grtishevoi’s results are expressed as the average ‘‘grade’’ of 
infection in an area “immediately neighboring” the source and at 10 and 25 
“sazhen” (70 and 175 feet) from the source. Since this leaves only two 
f>oints on which to establish a curve, (Irushcvoi’s data are of little value. In 
figure 2, however, the curve is drawn on the assuiiqdion that the first point 
was 5 “sazhen” f?’<nn t)ie source. The distance at which Gorlenko made his 
first observations is not given, so computations are based on infection at the 
second distance, 45 meters. 

Through the kindness of Dr. C. A. Suneson of the Division of Cereal 
Crops and Diseases, V. S. Dejiartmeiit of Agriculture, the senior Avriter 
obstu’ved in the spring of 1945 a case where crown rust spread from groups 
of wild oat jdaiits growing along an irrigation ditcli running east and west. 
These plants, having obtained moisture from the ditch in late summer and 
early autumn. Avere much earlier to develop than other oats in the vicinity. 
They were infected by Pifccuiui corotiota, probably in the autumn of 1944 
before oats in the vicinity started development. In any event, a marked 
gradient of new infection by the crown rust fungus extended from these 
plants northward through the stand ol less mature plants. In April the 
senior writer secured one set of counts on the number of lesions per 100 
sq. cm. of leaf surface in recipient plants at different distances from the 
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ed^e of a group of source plants extending for a distance of 3 feet along 
the ditch bank. T'nfortmiately, further counts were precluded because 
lesions resulting from secondary infection appeared shortly thereafter. 
The results, together with the curve of best fit. appear in figure 2. 

Although the number of points at which the llussian workers made their 
observations are few, and the first point in Orushevoi’s data is an assumed 
value, curves are fitted to them very satisfactorily by equation 3. The 
senior writer’s results also are fitted satisfactorily. Here the number of 



Fjo. j. Gradients of crown rust infection <iii out |»I;ints in the viciiiitv of Imcktliorn 
bushes (Gorlenko and Gnishovoi) and on young in the viciiiitv of more iiiuture 

wild oat plants which served as a source of spon-s (Wilson >. 


observation points were iiior.* numerous and. conse(|aently, the trend of 
the data appears in greater detail. 

Results reported by Buchanan and Kimmey (3) and Posey and Ford 
(15) pertaining to the sjiread of the blister rust from inirrant bushes to 
pine trees are i*epresented faii’ly w(;ll by <‘(jnation 3 (Fig. 3), the major 
difference between observed and computed results being in the tendency 
for the slope of the gradient at two or three points near its onlcn* bonndarv 
to be greater than that of the curve. For exanqile, in curve A from rela¬ 
tive distances 1 to 11 the trend of the observed percentages is rea.sonably 
well represented by the curve, but for relative distances 13 to 17 the ob¬ 
served values decrease more rapidly than the curve. Similar tendeiiciivs 
were noticeable in the gradient north and south of the source, and in 
gradients of a few other diseases. Though one might conclude that such 
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data be more exactly represented by an equation in which the ex¬ 

ponent of X was {greater than 2, the rapid decrease in the value obtained 
at the outer boundary of a g^radient is possibly due to chance events such as 
the nonuniform distribution or j?rouping of the recipient hosts, or to obser¬ 
vations on insufficient numbers of individuals. 



Fid. ;i. A riiid j^radiriits of blister rust infection in pine trees, 'west uml east, 
respeetivelv, of :i ^roiip of nirraiH bushes (^lh»sey and Ford). B, a jyradieut of blister 
rust infection in ]»ine tn*es sunoundiii^ a >rroup of currant bushes (Buchanan and 
Kimincy). Tb a j^radient of lati* blijriit jnf(‘ction in a potato field near a pile of refuse 
potato«\s. 

Tioiide au«l Schultz observed the s])read of late blight, caused by 
Phylophthorn hiffsianii from refuse piles of potato tubers to nearby potato 
fields. Table 3 of their paper reports the percentage of recipient plants 
infected at various tlistanccs from tlic source and the number of lesions 
per 100 plants at these distances for one field. While the pereeiitafre of 
plants infected cannot he represented by e<|nation 3. the data on the nnin- 
ber of lesions is roufrlily fitted. C*n the (*tber hand, the average percentages 
of plants infected in five other fields are well represented by equation 3, 
as can be seen in curve I). figni*e 3. 
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The forefroiiifT data were selected as fair representations of the apparent 
fjeneral agreement between observed results and the concept that a basic 
pattern is reflected in most of the disease gradients. Further indications 
of this are seen in Boevsky’s (1) studies of the spread of leaf rust of wheat 
(results for June 13). Here the percentagt* infection at 50, 100, and 200 
meters from the source corresponds very closely to ecpiation 3 with an a 
value of 4. Results on the spread of tulip spot given by Wallace (18) and 
compiled by Gregory (8, table 13, observations for April 4) are in good 



Fig. 4. A, a gradient of yellow dwarf iiifeetion in a ])otato field adjacent to a 
meadow from which the insect vector migrated (Frampton, Linn, and Haiising). H, a 
gradient of angular leaf spot infection in cotton plants east of a row inoculated with the 
causal bacterium (Faiilv/etter). 

agreement with equation 3, having an a vahu* of 0.76. Two out of three 
gradients'of loose smut of wheat reported by Oort (13) are described fairly 
well by equation 3 with a values of 2.84 and 6.5. 

In certain cases reported by other workers the ]»ercentage infection at 
successive distances decreases irregularly, and in consequence, no type of 
smooth curve can he made to pass through more than a few of the observed 
values. By and large, however, the general trend of the data is expressed 
by equation 3 in the following eases: eedar-apple rust (36), downy mildew 
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of onion (11), powdery mildew of barley (14), and eye spot of wheat (12). 
On the other hand, the spread of black stem rust of wheat from barberry 
to wheat reported by Johnson and Dickson (9) is not represented by 
equation 3. 

Accordinjr to Fauiwetter (4), the bacterium, Pkytomonas malva<^earum, 
causing angular leaf spot of cotton is spread in wind-blown droplets of 
rainwater spattered from the surface of infected leaves. Faiilwetter (5) 
presents maps illustrating the spread of this disease from a row of inocu¬ 
lated plants in the middle of a cotton field. Prom Faulwetter’s figure 1 
the present writers compiled data pertaining to the number of lesions per 
j>lant in 14 successive rows east of the portion of the row inoculated with 
cultures J40, 143, 148, and 151, and in 4 successive rows east of the portion 
inoculated with cultures 141, 146, 149, and 153. Heavy infection of a few 
plants in rows 9, 11, 12, and 13 raised the averages for these rows. The 
location of th(*sc i)lants in groups suggested the possibility of natural in¬ 
fection having occurred on certain plants in these areas and a subsequent 
spread t(» surrouiuling plants. When the high values in thes(» four rows 
were inchulcd in the calculations of the a value, the resulting curve fol¬ 
lowed the trend of the majority of points but passed above the lower values. 
Omitting the high values from computations, however, resulted in a satis¬ 
factory fit (lower curve, figure 4), the a value being 1.2. Data from the 
four rows east of (Miltur(‘s 141, 146, 149, and 153 were described very closely 
by an equation in which a ^ 2.01. 

GRADIENTS FOR DISEASES SPREAD BY INSECT-BORNE INOCULTTM 

At first thought the spread of plant disease by means of an insect vector 
would appear to havt* little in common with the .spread of disease by air¬ 
borne spores. The individual in.sect flight or hop would seem to be so 
erratic as to prechule a su.stained spread in any one direction. In cases where 
tht‘ insects develop on one crop and, obtaining the pathogen on this crop, 
migrate to another, however, there is an expansion, in some cases unilater¬ 
ally, of the area in which the insect occurs. According to studies by Linn 
(10) and Frampton, Linn, and llansing (6), the migration of viruliferoiis 
leafho])pers from .source or reservoir plants into adjacent plantings of sus- 
cej>tible crops, re.sults in distiuet gradients of infection. Linn (10) noted 
that the jiercentage of yellows in successive rows of endive plants in the 
vicinity of w'eeds from which leafhoppers had migrated ‘‘was in inverse 
ratio^’ to the distance of the row of endive from the weeds. Frampton, 
Linn, and Hansing (6) compare the spread of these insects across the 
boundary betw'cen two croj) areas to the flow of a compressible fluid and 
the components of this spread—the average length of insect hoj) to the 
mean free path of gas molecules. It might be said here that such a con¬ 
cept is similar to that regarding the movement of atmospheric turbulence 
bodies'' or eddies which are responsible for the dispersion of air-borne 
objects (7). In developing an equation to express the spread of virus 
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diseases of the yellows type, Fraiiiptoii, Linn, and Hansinjr (6) employ the 
(ioncept of an unilateral diffusion process. 

It is not the purpose to examine their treatment here, but by means of 
equation 3 to compare the gradients of diseases arising from the insect- 
spread of the inoculum with those arising from the aerial spread of the 
inoculum. 

In his figure 9 Linn (10) plotted the percentage of yellows in rows of 
endive plants at increasing distances from a weedy strip from which the 
leafhoppers migrated. The results given in his curves A, C, and D were 
converted into the form suitable for appHct^^ion of equation 3. The trend 
of the results in curve B was too uncertain for a profitable treatment. 

The results from curves A and D follow equation 3 to a noticeable 
degree, the values of a differing but little. In curve C. however, the data 
do not follow this relationship but seemingly are best described by an 
equation for a straight line.- 

Prampton, Linn, and Hansing (6) illustrate (figure 1 of their paper) 
the manner in which yellow dwarf was spread from a meadow into a potato 
field by the clover leafhopper. For the first 60 i)otato rows the percentage 
of plants infected progressively decr«‘as('s as distance from the meadow 
increased, but because of the entry of leafhoppers from an uncultivated 
strip on the side of the ])()tato field opposite tin* meadow, the incidence of 
disease increased somewhat in subsequent rows. The data to be examined, 
therefore, are those of rows 1, 20, 40, and 60. 

The exact distance of row 1 from the edge of the meadow is not given, 
although the width of the rows is said to be 18 inches. Consequently, one 
cannot compare infection as to relative distances as we have been doing. 
It is possible, however, to fit the data in relation to the incidence of disease 
in row 1, though a very high value for a results. When this is don(‘, how¬ 
ever, (Fig. 4), we see that ecpiation 3 apparently describes the data satis¬ 
factorily. 

Zentmyer, Wallace, and Horsfall (20) established plantings of young 
elm trees around isolated old trees which were infected by the Dutch elm 
disease and also were infested by the insect vector of tliis disease, Scolyfns 
multisiriafus. Two years later they determined the per(*cntage of young 
trees attacked by the disease in concentric zones whose outer boundaries 
were respectively 25, 75, 175, and 320 feet from the source trees. The mean 
percentages of 3 such plots were takcji from their table 1. There is only 
fair agreement between observed and calculated results because the per¬ 
centage a't the last relative distance drops very rapidly, an irregularity noted 
in other disease gradients. 

COMPARISON OP EQUATION 3 WITH AN EQUATION FOR THE TRANSFER OF 
ATMOSPHERIC PROPERTIES BY E1>DY DIFFUSION 

The transfer of heat, momentum, and matter by eddy diffusion in rela¬ 
tion to the dispersion of spores is discussed in a recent paper by Gregory 
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(8). A (forrespondonce is shown betw^een the pattern of spore dispersion 
and the characteristics of disease gradients on the one hand and the char¬ 
acteristics of eddy diffusion on the other hand. Jt is proposed to compare 
Gregory’s treatment with that employed in the present paper. Gregory 
begins by assuming the effect of gravity on most air-borne spores to be small 
in comparison to the effects of forces wdiieh keep them afloat." Thus, clouds 
of air-borne sf)ores may be r(*garded as suspensions in the atmosphere. Con¬ 
sequently, their dispersion from a source should follow a pattern similar to 
that followed in the disiiersion of smoke by eddy diffusion. For a more 
detailed explanation of this proee<lure reference should be made to Gregory’s 
(8) paper. Its essentiyl features are as follows: (’onsider the emission of 
air-borne particles from a point at the origin of x, ?y, z coordinates (,t being 
horizontal to the ground in the mean direction of the wind, y being hori¬ 
zontal to the ground and at right angles to the mean direction of the wind, 
and z being verti(*al to the ground). A quantity of spores is liberated as 
a large number of small clouds, wliieh may or may not take the same direc¬ 
tion, but which diffuse as tliey travel downwind. The standard deviation 
of the positions of the spores from their mean position (the x axis) at any 
given distance from the source is given by c“ - According to Gregory 

(8), the gradient of s])ore deposition at all distances, x, from the point source 
will be described by : 


d 




where 

du:^ mean dejiosition per sq. cm. straight downwind at distance x from 
the source. 

p “ a deposition coefficient or the proportion of spores that wdll be 
deposited out of the total number crossing 1 sq. cm. of surface. 

Q = the total number of sjiorcs liberated. 

G =: a c()efficient of diffusion regarded as constant by Gregory. 

m a number luqween 1 and 2 regarded as constant for any set of con¬ 
ditions and any parthudar time interval. 

This e(piation describes diffusion from a point source. For diffusion 
from a liin* source at right angles to the wind, the treatment must be modi¬ 
fied. However, the equation for a point source Avill apply if the distance 
from the source is mon* than four times the dimension of the line source (8, 
p. 42). Gradients for strip and block sources will be flatter than those for 
point or line sources. Such differences in the steepness of the gradient are 
determined by the eximnent of x. 

The quantity 7 U requires some discussion. On page 41 Gregory says that 
wi is an indicator of the degree of atmospheric turbulence and to a first ap¬ 
proximation is indej>endent of wind velocity. It is primarily affected only 
by those factors that tend to dampen or enhance turbulence. It has a value 

® Gregory presents evidence that the size of the spore, hence its rate of fall in still 
air, influences very little, if any, the proportion of spores reaching the ground. 
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of 1.24 for low turbulence and approaches 2 for extreme turbulence, a normal 
value being 1.75. Moreover, m increases with the length of the .sampling 
periods. In case of dissemination periods extending over hours or days, 
therefore, the value of m is probably a maximum. 

The quantity C is a coefficient of diffusion which is said to remain rela¬ 
tively constant for the layer of air near the ground. It is said to have a 
normal value of about 0.6. 

According to the evidence in the foregoing section, equation 3 of the 
present paper expresses a number of disease gradients satisfactorily, but the 
question arises as to whether the eddy diffusion equation rei)resents the situ¬ 
ation more accuratelv. We shall first examine the results given by 

d - and ./ = 

““ 1.13a:‘'» •' (x + ay 

Oil eomparable bases. To do this we assume that for the eddy ditfiisioii 

equation the relative number of spores, p2Q, has a numerieal value of 

113, thus makinf? = 100 when .v ^ 1. The equation becMunes d,c = 

Curve A in fijrure 5 represents the values of tliis equation for thirteen 

relative distanees from the source, wher(»as curve II is the plotted values of 
146 

y = --The (dose correspondence of these curves is seen by insiiec- 

(x i 0.21)^ 

tion. The maximum difference between the ordinat(‘s of (Mirves A and 11 


occurs at x ^ 7.76, and is only 0.47 ])er cent. 

We next consider the de(*refise in the slope of tlie eddy diffusion curve 
occurrinj? when m diminishes to 1.24, durin<r short samplinjr periods or when 
atmospheric turbulence is low. Curve C in fi*rure o represents such a curve. 
Curve D j?ives the value.s of }f for ecpiatiou in which a = 1. It is aven that 
the two curves correspond very clo.sely near the source but diverjjre at dis¬ 
tanees farther from the source. 


It is unlikely that such small differen(*es as indicated between curves A 
and B wdll be revealed in disease infection data, or, for that matter, in data 
from studies of aerial density of spores. The slope of the eddy diffusion 
curve is slif^htly less than the slope of (^(juation 3. 

Ill {reneral, the two iirocedures f?ive very similar r(‘sults so lonjr as the 
value of m is 1.75 or hij^her. Flatter gradients are said to occur (10) when 
the source is a strip or a block. An examination of r(\sults given by Boevsky 
(1) and by I*ape and IJademacher (14), regarding change's in disease gradi¬ 
ents over a period of time, suggests that the steejuiess may be modified by 
other causes, one being secondary infection from spores produced on the 
recipient plants themselves. Se(*ondary infection of cour.se introduces com¬ 
plications which preclude adequate treatment by either of the two pro- 
(iedures. 


No doubt many other factors modify the steepness of disease gradients. 
It should be noted that the constant a was originally introduced into equa¬ 
tion 3 to adjust for variations in the distance of Xj from the source. Appar- 
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ent]y, however, little or no correlation exists between this distance and the 
value of a. Presumably, therefore, the constant a depends upon other 
factors as well. According to the comparisons in the foregoing section, 
equation 3 appears to fit the trend of many observed data reasonably well. 
While the eddy diffusion equation may express the effects of meteorological 
factors somew^hat more closely lhan equation 3, it does not cover the great 
differences in slopes exhibited by the observed results. For example, the 



Pio. 5. A coinp.Mrison of curvos prodiu'od by the modified inverse-square equation 
with curves ]>roduced liy Grejjory’s eddy diffusion equation having^ different values for 
the exponent of x. 

miuiiniuu slope produced by the equation for a point source is illustrated 
by curve C, figure 5. On the other hand, many of the disease gradient 
curves are mneh flatter than eurve C. The eddy diffusion e<|nation, modi¬ 
fied to represent dispersion from a block source, is scarcely applicable to 
certain of these gradients, since the sources cannot be considered blocks 
according to Gregory’s (8) definition. 

Hence, apj)arently the major diflSeulty in applying the eddy diffusion 
equation arises from its failure to account for the combined effects of the 
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lar^e number of factors which affect characteristics of the gradients. The 
family of curves produced by equation 3, on the other hand, furnishes a 
much more flexible tool for at least a preliminary study of disease gradients. 
If and when the effects of particular factors are determined, such effects 
can be represented by appropriate constants, the values of which are then 
used to determine the value of a. 


SUMMARY AND CONCLT^SIONS 


Numerical data pertaining to the spread of ]>lant diseases from centers 
of infection to the above-ground parts of nearby susceptible hosts were com¬ 
piled from the literature, and the rate at 4hich the incidence of infection 
diminished with increases in distance from the soun'c of inoculum examined. 
Some data collected by the j)r(*sent writers were also included. The diseases 
were of three categories with re.spect to th(‘ mode of inoculum dissemination : 
(1) Fungus diseases s])rcad by means of air-borne spores. (2) A bacterial 
disease spi*ead by means of Avind-blown rain. (3) Virus and fungus dis- 
ease.s s])read by inse(d A'ectors. 

The gi'adients of infection that develop in the vicinity of sources of 
inoculum were compared with the pattern which in f^arlier studies ai)peared 
to characterize the aerial dissemination of spores. According to the results 
of these studies, for a distance of 15 feet at least from th(i soun'c, the density, 
or number of air-boi*ne spores [)assing through unit areas of planes per])en- 
dicular to the direction of* the wind, diminished inversely proportional to 
the square of the distance from the source of inoculum, and the rate at 
which dispersion (the scattering of sfmres in dimensions perpeiiditmlar to 
the direction of the wind) increased was dire<*tly ))roportional to the distance 
from the source. Thus, the gradit^nt of aerial spore density was described 

by the equation, where is the density at .r., and subsequent dis¬ 

tance intervals expressed as a ])ercentage of tin* density at Xi, or first dis¬ 
tance interval. In eases wiiere the disc^ase n*snlted from infection by air¬ 
borne spiires, the decrease in incidence of infec.tion at increastni distance 
from the source was described to a fair degree of accuracy by a modified 
form of this equation, ?.e.. 


100(1 .gj" 
(.r 


(3> 


Apparently the constant a in this equation dei>ends upon the conditions 
under which spore dissemination occurs, as well as u])on th(‘ location of .rj 
with respect to distaiu'c from the source. 

Data pertaining to the spread of aiigidar leaf spot of cotton by wind¬ 
blown rain, yellows of endive by leafhoj)])ers, yellow dwarf of j)otatocs by 
leafhoppers, and Dutch elm disease by bark beetles, .suggest that in such 
eases, also, the relationship between incidence of infection and distance from 
the source, in .some respects, is similar to that occurring in the si)read of 
diseases by air-borne spores. 
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An equation, employed Gregory for the transfer of atmospheric prop¬ 
erties by eddy diffusioji and representing the dispersion of air-borne ])ar- 
ticles downwind from a jioint source, was examined. When normal values 
for the constants oi this ecjuation \vere employed, tiie resulting curve dif¬ 
fered little from tin* curve given by ecpiation 3 when a = 0.21. At low atmos¬ 
pheric turbulence or (luring short periods of obs(*rving spore dissemination, 
the exj)onent oi ./• in the (^(kly diifusiim (M(uatioii is said to be at its minimum 
value, 1.24. Under such (jonditions the curve of tlie equation represents a 
less rapid decrease in incidence of disease* with increased distance than does 
the equation 3 curve which t*orresi>onds most closely to it at locations near 
the source. Thus, the tAvo tyjMvs of curv(\s diverge at some* distance from 
th(* source. 

Field ivsults, therefore, will probably not reveal the small difference in 
r(*]at ionsliips betw(‘cii tlie two e(|uations ex(*e|)l possibly during times of very 
low atmos])hcric lurhulence, or wlien the period of effective dissemination is 
vei'v short. 

Tin* major difficulty encountered in applying tin* eddy diffusion ecpiatioii 
to diseas(* gradi(*nt data arises from its failure to account for the (*ombined 
effects (d* a largi* nuinIxM* of variabh^s. The family of curv(*s produced by 
(‘(piatioii 3 s(*enis iiuu’c applicahh* to the diverse conditions met with in 
the field. 

Division of Plant Patitolooy and Division of Matijematk s 
AND PHVsirs, 
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REACTIONS OP OAT VARIETIES AND SELECTIONS TO 
FOUR RACES OP LOOSE SMUT^ 

E. 1). Hansing, E. G. IIeyne, and T. R. Stantonz 
(Aeeoptod for piibiicatioii January 29, 1946) 

Loose smut, Ustilago avcnde (Pers.) Rostr., and covered smut, U, kolleri 
Wille (U. levin Maj?n.) are major diseases of oats in the United States caus- 
inj? an estimated averatre animal loss from 1935 to 1939 of 38 million bush¬ 
els*^ of grain. 

These smuts may be controlled either by treating the seed, before plant¬ 
ing, with New Improved (^eresan or formaldehyde, or by growing varieties 
highly resistant to smuts. 

Breeding of oat varieties resistant to smut is complicated by the number 
of physiologic races r)f loose and covered smut that are known and being 
found. Sometimes tliese new or previously unknown races become preva¬ 
lent after varieties resistant to kmnvn races have been bred and distributed 
for commercial production. 

The purpo.sc of the investigation reported here was to determine the 
reactions of a number of varieties and promising advanced hybrid selections 
of oats to 4 race.s of loose smut that have been collected recently in Kansas. 


KEVIEW’ OF LITEKATT^RE 


Reed (6) demonstrated 29 physiologic raees of loose smut and 14 races 
of covered smut from (‘olhrtions of oat .smut made in 15 states in the United 
States, 9 countries, and 4 continents. Navarro. !Markton, and Victoria were 
inoculated with all of tin* races and were resistant in all eases. 


Navarro and Victoria were Ijighly resistant to raees of smut in the United 
States as shown by results from the Cooperative Uniform Oat Smut Nur¬ 
series conducted in 9 to 15 states each year during 1935 to 1939 (13). 
Neither of these varieties had any smut during this period, which represents 
over 50 station-year tests for each variety. Markton was resistant, averag¬ 
ing 0.23 per cent smut for 05 station years. Because of its high resistance 
to smut and also to most raees of crown rust, Victoria was used extensively 
as a parent for breeding varieties of oats resistant to smut and rust (5). 
Markton was used extensively also as a parent and Navarro also was used 
(2 and 5). A race of (‘overed smut has been reported, however, to which 


1 Joint contribution from the Deportments of Botany and Agronomy, Kansas Agricul¬ 
tural Experiment Station, Manhattan, Kaus., and the Division of Cereal Crops and Dis- 
easc.s, Bureau of Plant Industry, Soih^, and Agrieultnral Engineering, Agricultural Re- 
search Administration. U. 8. Dept, of Agriculture. Contribution No. 471 and Serial No. 
385, Department of Botany; No. 374, Department of Agronomy, Kansas Agricultural 

Experiment Station. , ^ ^ ^ 

2 Assistant Plant Pathologist, Kansas Agricultural Exi)eninent Station, Associate and 
Senior Agronomists, respectivedy, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering. 

sU. S. Dept. Agr., Plant Disease Reporter. SupplemenI; 94, 1936; 100, 193 <; 108, 

1938; 118, 1939; 127,1940. 

m 
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Markton is iiiteriiK^diato in susc^eptibility. Smith and Bressinan (10) in¬ 
oculated seed of Markton, with hulls on and hulls off, with this race and 
obtained an averafre infection of 7 and 34 per cent smut, respectively. Un¬ 
fortunately the collection of smut spores for inoculation by these investiga¬ 
tors has been lost, thus precluding checking of any new races it may have 
contained. 

In 1943, Reed and Stanton (7) demonstrated a new race of loose smut, 
collected in Oklahoma, to which Victoria and Fulghum were susceptible 
while Markton, Navarro, and Fultex were resistant. All of the 22 promising 
advanced selections of the cross Lee x Victo|fia, wliicdi were resistant to all 
races of smut prior to this time, were moderately to highly susceptible to 
this new race. 

MATERIAIi AND METHODS 

The 4 races of loose snuit^ used in this study were collected in Kansas, 
although 2 of them were from fields planted with certified seed from other 
states. Race A was collected in a field of Kanota oats in Harper County in 
1937 by J. (). Miller, Extension Plant Pathologist, Kansas State (.'ollege. 
Fulghum and Monarch were susceptible to this race in 1940 after which 
the collection was propagated alternately on these 2 varieties. The inocu¬ 
lum used in 1945 was propagated on Monandi in 1944. 

Race B was collected on an unknown variety of oats in Elk county in 
1939 by J. O. Miller. Richland and Monarch Selection were susceptible to 
this race. The collection was ])ropagated alt(*rnately on these two varieties. 
The inoculum used in 1945 Avas propagated on Monarch Sele(‘tion in 1944. 

Race C was collected by the writers in a test plot of (’olumbia oats in 
Sedgwick County, Kansas, in 194i. This ph»t had a])proximately 2 per 
cent of the panicles infected with .smut. Certified seed of ('olumbia oats 
was obtained from a groAser in Missouri for planting these plots. 

Race D was collected in 1944 by the writers in a test ])lot of Fultex oats 
in Sedgwick County, Kansas, in the same field in which race (' Avas colbr-ted. 
This plot had approximately one per cent of the panicles smutted. (Certified 
seed of Fultex oats was obtained from a grower in Texas for planting thes(» 
plots. 

During the winter of 1944-45 the reactions of 9 smut-tester varieties and 
18 other varieties to race 1) from Fultex Avere determined (Table 1). Seed 
with hulls off were inoculated Avith dry chlamydospores. Tavo replications 
of 125 seeds each of the 27 varieties Avere planted in a soil bed in the green¬ 
house. The temi)erature between planting and emergence Avas kept at 60° 
to 70° F. and the soil was maintained moderately dry. One hundred or 
more plants were obtained for each variety except for a fcAV of the smut- 
tester varieties. 

In the spring of 1945 the reactions to these 4 races f)f loose smut Avere 
studied on 12 smut-tester varieties, 21 named varieties, and 20 promising 

4 These four physiologic races of loose smut will be tentatively designated as A, B, 
C, and D. Eventually they will be numbered according to a standard classificntion. 
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hybrid selections gr()wn hi the 1945 (Vioperative ITniform Spring: Sown Red 
Oat Test. In addition, al] of the oat strains in the advanced yield test at 
Manhattan were teste<l to determine their reactions to race D. The seed 
with hulls on were inoculated by the partial vacuum method described b^" 
Zade (15) and modified by Haaring: (3) using: a suspension of 0.5 g:. of 
chlainydospores in 100 cc. of water. The seed was dried and planted the 
foUowing day in 2 replications in the field at the rate of 5 g. to an S-foot 


to a race of Ustilago avenae that attaeJes 
Btchland and Victoria varieties (Mace. D). Greenhouse, Manhattan, Kansas, 1044-45^ 


Variety 

' 

C.I. No. 

Plants infected^ 


Smvt-tesfcr varieties 

Per cen t 

Fulghum . .. . 


708 

3 

Bichland . 


787 

90 

Joanettc 


1762 

100 

Monarch 


1876 

100 

Monarch Selection 


1879 

92 

Gothland 


1898 

73 

Victoria 

.... 

2401 

97 

Bed Bustproof 


3212 

0 

liiherty HulMess . 

Other varieties 

845 

100 

Brunker 


2054 

0 

New Nortex 


3422 

0 

Fulghuin-Markton x Victoria-Kichland 

4140 

0 

Neosho 


4141 

0 

Kanota 


839 

o 

Navarro 


966 

o 

Murkton 


2053 

2 

Bond 


2733 

o 

Columbia 


2820 

12 

Fulton 


3327 

26 

(Minton 


3971 

26 

Ventura 


3989 

5.3 

Osage 


3991 

66 

Boone 


330.5 

91 

M'ania 


3502 

94 

Vieland 


3611 

94 

(hMiar 


3314 

96 

Fultex 


3531 

98 


» with liulls off woro inoculated hy dusting ehlamydospoTca on the seed. 
*» Average of two replications, 4 foot rows. 


row. Se(*(l. with hulls off. of the .same varieties were inoculated with dry 
chlaiuydospores of races (' and 1) and then planted in the field in 2 repliea- 
tions at the rate of 2 }r. to a o-foot row. 

The reaetions of 8 sinnt-tester varieties. 18 named varieties, and 15 prom¬ 
ising selections grown in the Cooperative Uniform Oat Smut Nursery were 
tested to a composite of several races of loose and covered smut which occur 
in Kansas, and to races A. U. and D. The composite did not include races 
A, B, 0, and D nor the “Fulton” race of loose smut reported by Hansing 
<’/ al. (4). Seed with hulls off were inoculated with dry chlamydospores 
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and then planted in the field in 2 rexilieations at the rate of 1.5 g. to a 4-foot 
row. 

In the field the soil temperature averaged 55° F. between planting and 
emergence. The soil was moderately dry the first 3 days after planting 
and then moderately moist for the following 4 days prior to emergence. 
Good stands 'were obtained for the group of varieties and hybrid selections 
planted with hulls on, while a fair stand was obtained for the rows planted 
with hulls off. A fair stand was obtained for some and a poor stand for 
others of the varieties and hybrid selections grown in the (\)operative 
l^niform Oat Smut Nurserj". p 

In the greenhouse, percentages of infection were determined on the rela¬ 
tive number of infected plants. In general, all of the i>anicles of a plant 
were smutted or all healthy. In the field, percentages of infection were 
determined on the relative number of infected x>anicles. Plants with some 
healthy panicles and some smutted panicles were common in the field. 

EXPERIMENTAL RESULTS 

Greenhouse Studies 

Very high infection was obtained with race D in the gretmhouse. Of 
the smut-tester varieties, Ked Rustproof and Fulghum were resistant, aver¬ 
aging 0 and 3 per cent smutted plants, respectively (Table 1). The other 
smut-tester varieties were all susceptible, averaging from 73 to 100 per cent 
smutted idants. Victoria averaged 97 per cent smutted ])lants. 

Brunker, New Nortex, Fulghum—Markton Victoria—Richland. Neosho, 
Kanota, Navarro, Markton, and Bond were resistant, averaging from 0 to 
2 per cent smutted plants. Columbia, Fulton, and Clinton were intermedi¬ 
ate in susceptibility averaging from 12 to 26 per cent smutted plants. V(*n- 
tura and Osage were su.sceiitible, averaging 53 and 66 per cent smutted 
plants, respectively, Boone, Tama, Vicland, Cedar, and Fultex were ver\' 
susceptible, averaging 91 to 98 per cent .smutted xilants. 

Field Studies 

Classification of physiologir races, Fulghum, Joanette, and Monarch 
were susceptible to race A, Gothland was intermediate in susceptibility, 
while all of the other 8 smut-tester varieties were resistant (Table 2). This 
race A represents a new race of loose .smut distinct from any of Reed’s 29 
races (6). Reed did not have any race to which Fulghum and Monarch 
were susceptible while Canadian was resistant. 

Richland, Canadian, Monarch Selection, Green Mountain, and Gothland 
were susceptible to race B, while the other differential varieties were resis¬ 
tant. This race B is similar to Reed’s A-1 (6). It is commonly fountl 
where the variety Columbia is widely grown. 

Richland, Canadian, Monarch, Monarch Selection, Green Mountain, and 
Gk>thland were susceptible to race C. Joanette was intermediate in suset^p- 
tibility, while the other smut-tester varieties were resistant. This race C 
is somewhat similar to Reed’s A--17. 
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TABLE 2 .—Ucactiomt of oat varietiat and selections to fo'ur races of TJstilago avenae 
in the field. Manhattan, Kansas, 1045 


Variety or 
selection 


C.I. No. 


Fulghum ... 

70ft 

Richland . 

787 

Canadian . 

.. 1625 

.Toanette . 

1762 

Monarch. 

1876 

Black Mesdag .. 

1877 

Monarch Selection . . 

. 1879 

<4rocn Mountain . . 

. 1892 

Gothland 

1898 

Vict<»ria . 

2401 

Large lIulMess . 

;5209 

Kc*(I Rustproof . ... 

:i212 

Marktou 

. 2053 

Brunker 

2054 

New Xortex 

3422 

Neosho 

4141 

Navarro 

966 

Bond 

2733 

Kanota 

839 

Benton 

3910 

("lint on 

3971 

Marion 

3247 

Trojan 

.. 2491 

Knit on 

3327 

Otoe 

2886 

Osagf 

3991 

Ventura 

3989 

('oluinliia 

282(J 

Boont* 

33(»r» 

Vieland 

3611 

Cedar 

3314 

Tama 

3502 

Tultex . . 

3531 

Fulghum Markton x 

Vietoria Richland 

. 4140 

do 

4251 

do 

4335 

do 

4528 

Fulton V Victoria- 

Richland 

4338 

do 

4339 

do 

4340 

do 

. 4524 

do 

4525 

Columbia x Victoria- 

Richland 

4153 

do 

4246 

do 

4344 

do 

4345 


Perceiitajje infection by smuts* 


Race A 

Race B 

Race C 

Race D 

Hulls 

Hulls 

Hulls 

Hulls 

Hulls 

Hulls 

on 

on 

on 

off 

on 

off 

Sniut tcster varieties 





66 

1 

1 

3 

1 

0 

1 

42 

47 

68 

47 

51 

Tb 

90 

88 

98 

92 

98 

50 

0 

17 

22 

78 

92 

82 

0 

62 

77 

92 

98 

0 

0 

0 

0 

0 

0 

T 

86 

78 

84 

80 

84 

0 

82 

78 

92 

75 

94 

12 

86 

68 

78 

11 

26 

0 

0 

T 

0 

85 

88 

0 

T 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

\ anted 

varieties 





T 

0 

0 

0 

0 

0 

0 

T 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

T 

0 

0 

0 

0 

0 

T 

0 

69 

*> 

o 

4 

T 

1 

») 

0 

T 

0 

0 

3 

0 

0 

V> 

14 

T 

5 

0 

3 

1 

3 

T 

6 

0 

6 

5 

16 

3 

6 

0 

3 

4 

4 

4 

5 

0 

(> 

42 

46 

2 

9 

(t 

0 

3 

6 

10 

8 

0 

T 

1 

o 

8 

19 

7 

42 

76 

84 

19 

24 


0 

0 

0 

69 

79 

0 

0 

0 

0 

72 

84 

0 

0 

0 

0 

74 

83 

0 

0 

T 

0 

73 

84 

0 

0 

0 


95 

95 

Hybrids 





0 

0 

0 

0 

T 

T 

0 

0 

T 

0 

0 

0 

(> 

0 

0 

0 

72 

87 

0 

0 

0 

0 

T 

0 

T 

0 

o 

7 

4 

8 

0 

0 

3 

.3 

5 

20 

0 

0 

1 

o 

6 

17 

0 

0 

T 

T 

4 

26 

T 

T 

0 

0 

87 

89 

T 

o 

1 

4 

1 

1 

0 

o 

10 

21 

1 

3 

0 

5 

o 

8 

0 

0 

0 

o 

1 

0 

0 

0 
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TABLE 2— {Continued) 


Percentage infection by smuts® 


Variety or 
selection 

C.l. No. 

Race A 

Race B 

Race C 

Race D 


Hulls 

on 

Hulls 

on 

Hulls 

on 

Hulls 

off 

Hulls 

on 

Hulls 

off 

do . 

. 4346 

0 

T 

0 

0 

61 

72 

do . 

. 4347 

0 

0 

0 

0 

52 

63 

do . 

. 4349 

0 

1 

1 

0 

51 

56 

do . 

Victoria-Richland x 

4527 

0 

1 

12 

f 

30 

1 

o 

Morota-Bond . 

... 4301 

0 

0 

T 

0 

0 

0 

C.T. 4001 X C.I. 3644. 

... 4341 

0 

0 

0 

0 

0 

0 

C.T. 4001 X C.l. 3842 . .. 

... 4526 

0 

0 

1 

4 

0 

0 


* Reed with hulls on w'ere inoculated by partial evacuation. Scjed with hulls off W'ere 
inoculated by dusting the chlamydospores on the seed. I’ercentages rei>re8ent averages 
of 2 replications. Hulls on = 8‘foot rows, hulls off = 5-toot rows. 

T = 0.1 to 0.5 per cent infection. 

Good infection was obtained with race 1) in the field for the higldy 
susceptible varieties, altliough it was not so high as in the greenhouse. Th(» 
infection for the varieties sii<‘h as Ventura and O.sage was not nearly so 
high in the field as in the greenhousi*. (1 inton and Fulton were inter¬ 
mediate in susceptibility in the greenhouse but had such low percentage of 
infection in the field that it was not possible to differentiate the n^lative 
susceptibility of similar varieties and hybrid si*lections*from each other and 
from those which had high resistance. 

Eichland, Canadian, Joanette, Monarch, ^Monarch Seletdioii, Green 
Mountain, and Victoria were susceptible to race I). Gothland Avas inter¬ 
mediate in susceptibility, while the other sinut-tester varieties were resis 
taut. The reactions of the smut-tester varieties demonstrate that race 1) 
is a new race of loose smut. It differs from the ‘‘Victoria^’ race which Eeed 
and Stanton described as A-30 (7) in that Fulghurn is resistant, while for 
their race Fulghurn was susceptible. 

In the Cooperative Ihiiform Oat Smut Nursery, similar infection was 
obtained for 8 smut-tester varieties to races A, C, and I) (Table 3). For the 
Kansas composite of other races of loose and covered smut, Canadian, Mon¬ 
arch, and Fulghurn were suscei)tible, with 93, 79, and 67 per emit smutted 
panicles, respectively. Gothland had 28 per cent smutted panicles, w^hile 
the other smut-tester varieties had from 0 to 6 per cent smutted panicles. 

Reacii-mis of named imricfies and hybrids. Kaiiota was susceptible to 
race A, with 69 per cent smutted panicles. All of the other varieties and 
advanced hybrid selections were resistant to this race, wuth from 0 to 7 per 
cent smutted panicles (Tables 2 and 3). Approximately 80 per cent of the 
oat strains had no smut. 

Columbia was su.sceptiblc to race B, having 42 per cent of the panicles 
infected. The other oat varieties and hybrid selections inoculated with race 
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TABljBi 3. Rc(w-tion of varietifs and selections in Cooperative Uniform Oat Smut 
Nursery to a composite smut inoculum of loose and covered smuts and to physiologic races 
of loose smut in the field, Manhattan, Kansas, 1945 


Species, group, and variety 


Percentage infection by smuts* 


A rena sativa 

Karly black oats 

M oiiarch . .... . .., 

Plack Mesdag . 

Midseasoii white oats 
(^inadiun . . 

(Gothland 

Arena bycantina 
Karly red oats 
Kulghum 

C'cluriiViia . .. 

MidHcasoii red oats 

lied Kiistproof {Ap])ler) 
Victoria 


CJ. No. 

Com¬ 

posite** 

Kacc A 

Kace C 

Race D 

•tester varieties 




. 1876 

79 

91 

68 

88 

. 1877 

6 

0 

0 

0 

. 1625 

93 

1 

94 

96 

. 1898 

28 

11 

58 

16 

708 

67 

61 

3 

2 

. 2820 

2 

9 

72 

21 

. 1815 

0 

0 

0 

0 

. 2401 

0 

0 

0 

90 


Hcsistani varieties 


Arena sa/ira 

hiarly white oats 
Korvic 

Victoria Kichland v Morota-ISond 
Karly yellow oats 
(%*dar 
riinton 
nenton 
DOy K Bond 
M indo 

Midseason white oats 
ission .. 

Markton X Victory 
Marktoii x Ligowa 
Markton x Tiigowa 
Honda 

Victoria Kichland v Hannock 
Victory (Victoria-Kichland x 
Markton-Victory) 

MidMcason yellow oats 
Markton 
Bond X Kainbow 
Bond ^ 1X57 
(fold win 

Stanton Strain 2 
Florilee 

Lee Victoria v F'ulwin 
Fill will V Lee-Victoria 
Traveler 

Arena by cantina 
Karly red oats 

Ventura. 

Osage . 

Neosho. 

(Columbia x Columbia-Navarro 
Columbia x Victoria-Kichland 
(kduinbia x Victoria-Kichland 
Fiilgrain Strain 7 . . 
Victorgrnin Strain 5 


4164 

4301 

3314 

3971 

3910 

4239 

4328 

2388 

2391 

3023 

3633 

4329 
4181 

1323 

2033 

4331 

4327 

4237 

4390 

4060 

4316 

4383 

4206 


3989 

3991 

4141 

4241 

4322 

4346 

4389 

4388 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


(I 

1 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

4 

0 


0 

0 

3 

0 

0 

0 

0 

8 

0 


0 

15 

15 

0 

0 

0 


26 

2 

82 

2 

0 

1 

0 

3 

0 

0 

0 

0 

0 


0 

1 

2 

1 

81 

86 

92 

96 


8 

9 

0 

0 

14 

26 

38 

70 
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TABLE 3—(Co»tiniir(l) 


Sj)t‘cies, jfi'oiip, and variety 


C.l. No. 


Percentage infection by smutaa 


Coui- 

pcmite*' 


Pace A Race C 


Race I) 


Midseason red oats 

Bond . 27 Xi n 0 2 0 

Red Ru8ti)roof«J x Vietoria-Richlaiid. 4385 0 0 0 0 


» The hulls were removed before the seed were inoculated. 

*» Composite of several races of rxtilaffo avcnac and U. kolU ri which occur in Kansas, 
r. avenac races A, B, C, D, and “Fulton” were not jficliided in this composite. 

B averagred from 0 to 6 per cent smutted panicles (Table 2). Approximately 
60 per cent were free from smut. 

Columbia was susceptible to race C, averaging 80 per cent infected pan¬ 
icles. Otoe, generally considered as a moderately n^sistant variety, aver¬ 
aged 44 per cent smutted panicles when inoculated with race C. Trojan. 
Mission, and Clinton averaged 10. 9, and 7 ptT cent smutted jianicles, respec¬ 
tively, with this ra<*e. Four of the 10 hybrids which had Columbia as one 
parent were intermediate in susceptibility, averaging from 15 to 21 per cent 
smut (Tables 2 and 3). Ai)])arently a recombination of genetic factors 
occurred in these crosses to give this intermediate type of susceptibility. 
The other varieties and hybrid selections averaged from 0 to 8 per cent 
smutted panicles. Approximately 50 per cent of the varieties and hybrids 
were free from smut. 

Of the commercial varieties grown in the United States, Fulghum and 
Kanota were susceptible to race A, Richland and (Vdumbia to race B, and 
Richland, Columbia, and Otoe to race C. However, many of the new varie¬ 
ties and promising hybrid selections were susceptible to race 1). Fultex 
(Fig. 1, A), distributed in Texas in 1940 as a smut-resistant variety (11). 
averaged 95 per cent smuttc’d panicles. Boone, Cedar, Tama (Fig. 1, B), 
and Vicland, distributed as smut-resistant varieties in one or more north 
central states from 1940 to 1943 (5, 9, 11, and 12), were all susceptible, 
averaging from 74 to 78 per cent smutted i)anicles. In contrast Fultex, 
Boone, Cedar, Tama, and Vicland have averaged from 0.0 to 0.3 per cent 
smutted panicles in the Cooperative irniform Oat Smut Nurseries (13 and 
14). Florilee, a selection from a Lee x Victoria cross and distributed in 
Florida in 1944 (14), had 86 per cent smutted panicles, while Traveler, 
distributed in Arkansas in 1944 (14), had 96 per cent smutted panicles. 
Stanton Strain 2, Fulgrain Strain 7, and Victorgrain Strain 5 had 81, 38, 
and 70 per cent smutted panicles, respectively. Ventura, distributed in 
California in 1943 (1), and Osage, distributed in Kansas in 1945 (1 and 4), 
were susceptible in the greenhouse but moderately resistant in the field, 
averaging 12 and 9 per cent smutted panicles, respectively. Columbia and 
Forvic were intermediate in susceptibility to this race. 

Culms of Ventura and Osage with smutted panicles were approximately 
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Fig. 1. K(‘a('tioii of oat variotios to UnWatio nn iiaf race T). A. Fultcx, 95 per cent 
Riiiutted puiiicIcH. II. Tama, "5 per cent smntted panicles. C. Neosho, 0 per cent 
smutted panicli-s. 


40 per cent of the heifrht of culms with healthy panicles. In contrast, culms 
of Boone, Cedar, Tama (Pifr. 1, B), and Vicland with smutted panicles were 
approximately 90 per cent of the height of culms with healthy panicles. 
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Neosho (Pip:. 1, C), distributed in Kansas in 1945 (1 and 4), was hiprhly 
resistant. This variety has been highly resistant in other tests in Kansas 
and in the Cooperative Uniform Smut Nursery where it had an averajre of 
less than 0.1 per cent smut for 29 station years diirinp: 1948 and 1944 (14). 
It has yielded well in Kansas and in other states (1) and it is resistant to 
the common races of crown and stem rusts, but lacks resistance to stem rust 
races 8 and 10. Neosho is one of the few new commercial varieties with 
resistance to crown and stem rusts and as hif^h or hip^her resistance to most 
races of smut as the old standard smut resistant varieties, Navarro, Markton. 
and Victoria. ^ 

Some of the hybrid selections were hiprhly resistant while others were sus¬ 
ceptible (Tables 2 and 8). Three selections from the cross Fulfrhum-Mark- 
ton X Victoria-Richland were highly resistant while one was susceptible. 
The resistant characteristic probably came from the Pulprlium-Markton 
parent, since both of these varieties were resistant to race 1), while the 
Victoria-Richland parent was susceptible. 

In the cross Pulton x Victoria-Richland, 4 selections were moderately 
resistant to intermediate in susceptibility to race D. having- a reaction similar 
to Pulton, while one selection, C.I. 4525, was sus(*e|>til)le, averaprinp: 88 i)er 
cent smutted panicles. C.I. 4525 or Kans. S(»l. 41869 was hiprldy resistant 
to the Pulton race of loose smut described by Ilansinj^ ct ah (4). This 
would indicate that the reactions to race 1) and to the Pulton loose smut 
are probably determined by different prenetic factors. 

In the cross Columbia y Victoria-Richland. 5 s(»lections were found to 
have more resistance to race I) than Columbia (Table 2). This iM^sistancc^ 
probably was due to recombination of jrcnetic factors. Thr(*t‘ selections 
were susceptible, similar to the Victoria > Richland ])arent. AVlien inocu¬ 
lated with race D approximat<*ly 80 per cent of the varieti(‘s and hybrid 
selections had no smutted panicles (Tables 2 and 8). 

Out of 71 additional hybrid selecti(uis «Town in tlie advance*! yi*»ld nur¬ 
sery at Manhattan, 39 did not have any infection when inocuIattMl with race 
D, 12 were resistant (trace to 10 jjer cent), 18 were intermediate in sus(M*pti- 
bility (11-40 per cent), and 7 were susceptible (41400 per cent). 

DisrrssiON 

The presence of a physiolojric race of loose smut in the Southwest that 
attacks Richland and A ictoria is of paramount importance because many 
of the new varieties of oats involving: these strains as parents are widely 
distributed in the United States. As this race was introdu(*ed into Kansas 
on certified seed of Pidlex oats from Texas, it may be assume*! that it is 
already widely enoupfh distributed tliat it can not be successfully eliminate*! 
by a seed treatment proprram. It may be only a matter of tim** until many 
of the new smut-resistant varieties mnv jrrown in the United States will be 
infected with this race so that the prroAvers will have to treat their seed to 
control smut. 
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The occurrence of new physiolopfic races of oat smut is an important 
problem that confronts investigators who arc breedingr disease-resistant 
varieties of oats. In 1919 Kanota, a Fiilj^hum type oat, w’as distributed in 
Kansas (1, 4, and 8) as a smut-resistant variot 3 \ It soon became a popular 
variety and its acreap^e increased rapidly. However, physiologic races of 
loose smut existed in the soutJiern oat-growing area of the United States to 
which Kanota was susceptible. Hy 1928 these races of smut had spread in 
Kansas to such an extent that Kanota could no longer be considered as a 
resistant variety in the State (4). 

Ill 1939, Pulton, a selection from a cross, Fulghuiii x Mark ton, was dis¬ 
tributed in Kansas (4 and 11) as a smut-resi.stant variety. Pulton was re- 
.sistant to the prevalent races of smut in the United States, averaging 1.29 
per cent infected panicles for 43 station-year tests in the Cooperative Uni¬ 
form Oat Smut Nursery (13). However, with artificial inoculation it was 
intermediate in susceptibility to a new physiologic race of loose smut (4) 
that had existed as a slight mixture in a f<‘w of the Kansas colleetions of 

oat smut. TJiis new raee of smut was distributed with Fulton seed to 

growers of (*ertified se<‘d and ])y 1945 was distributed fairly well in Kansas. 
Fortunately Fulton oats was nuuierately resistant to this race of loose 
smut in the field. Since 1939, most of the fields of tliis variety have had 
none or only a trace of smnt. However, as high as 10 per cent smut has 
})eeii reeorded in a few fi<‘lds. 

No smut was observed in the increase plots of Osage and Neosho in 

1944. TIow(‘V(*r. the seed was treated with New lm]>rovod Ceresan ])efore 

it was distriluiteii to growers of certified seed in 1945. It is desirable that 
growers of eertified seed <»f these varieties contiime to treat their seed. 

Oat smuts are seed-borne diseases and are distributed principally on 
the seed. Orowers of eertified seed and otlnu' ]>rodtieers are partly res])on- 
sihle f<»r the spreail <if new rae<*s of smut. It may be })ossible to slow dow’ii 
or even stop the distribution of a new* race of smut if the seed of new* 
varieties is treated pro|)er]y to control smut. Auotlier way of spreading 
n(»\v races of smut is througli the iulerehauge i>f new hybrid material 
among plant investigat<»rs in difft*reut slates. 

New varieties of <aits that are resistant to known races of smut are 
bre'tl by plant bnvders and ])laut pathologists. Kaees of smut, however, 
exist or develop by hybi'idization or mulalioii some plaee in the country. 
These gradually spread until the new variety, after a decade or two, can 
no longer be considered a resistant variety. 

In the meantime the ])lant breeder and plant pathologist may have a 
new variety ready for distribution, which is resistant to the old races of 
smut as well as to tin* new* ones. In this way the research work on breed¬ 
ing disease-resistatit varieties has generally managed to keep abreast of 
natural production of new races ol smut. On the other hand, if seed deal¬ 
ers would treat all of tlieir seed prior to selling, the problem of smut- 
resistant varieties becoming susceptible to new* races of smut in the field 
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would be attacked from two angles. Progress in the development of new 
smut-resistant varieties of oats would probably keep farther ahead of the 
natural development and distribution of new races of smut than w’hen 
attacked chiefly by the plant research workers alone. 

SrMMAKY 

The four physiologic races reported in this investigation were collected 
in Kansas. Two of the races (A and D) Avere distinct from those i-eported 
by other investigators. Pace A is characterized by the susceptibility of 
the varieties Fulghum and Monarch and the^resistance of Canadian. Race 
D is characterized by the susceptibility of ftichland and Victoria aj)d tlie 
resistance of Fulghum. 

Of the commercial varieties, Kanota and Fulghum were susceptible to 
racv' A. Richland and Columbia were susceptible to race B. Richland, 
Columbia, and Otoe were susceptible to race C. 

Richland, Boone, Cedar, Tama, Fultex, Vicland, Florilee, and Traveler 
Avere susceptible to race I). Columbia and Forvic Avere intermediate in sus¬ 
ceptibility. Ventura and Osage Avere suscef>tible in the greenhouse but 
intermediate to moderately resistant in the field. Benton, Clinton, Ful¬ 
ton, Mission, and Goldwin had some resistaiu'c to this iicav race of loose 
smut. 

Black Mesdag, Large Hull-less, Re<l Rustproof, Navarro, Markton. 
Brunker, Bond, Ncav Nortex, Neosho, Boiida, ^lindo, and several promis¬ 
ing hybrid selections Avere highly resistant to all 4 races. 

Neosho ap])ears [)romising as a parent for oat crosses. It is idghly 
resistant to smut, resistant to the common races (»f crown and st<»m rusts 
and has desirable agronomic characters. Ncoslm Avas distributed in Kansas 
in 1945. 
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SEED AND SEEDLING INFECTION OP BARLEY, BROMEGRASS, 
AND WHEAT BY XANTHOMONAS TRANSLUCENS 
VAR. CEREALIS^ 

J. E. Wallins 
(A ccepted for publication February 32, 1046) 

Little is known conecTninjr tlio seed and seedlinjr infection of barley, 
bronie^rrass, and wheat by Xanlhomonaa traushtci ns var. cercalis. Natural 
seed infection of barley and wheat has beenfrepoi-ted, but no infetdion of 
bromegrass seed by this bacterium has been observed except foi* some lesions 
on the jrlumes enveloping the seeds (9). The seed-borne nature of Xantho- 
monaa translucrns on barley was described first by Jones, Johnson, and 
Reddy in 1916 (5). Seedlinjr infection of barley from naturally infected 
seed was later described by Smith, Jon(‘s, and Reddy in 1917 (6), and the 
same process was ])ostulated for wheat in 1919 (8). Jones, Johnson, and 
Reddy in 1917 (6) described barley seedlinjr infeidion from barley se('(I natu¬ 
rally infected with A', frnnshivi us. In 1936, Bambei'^ (1) was unable to 
find a single infected wheat seedlinjr in the field oi‘ in tlu* ^^reenliouse from 
seed naturally infected with X. franshtcens. In the saim* year, Hajrborp; (4) 
obtained 81 per cent infected seedlinjrs from woundtHi wheat seeds which 
wTre infested with A", transhievns and planted in the soil. 

In 1941 Galaehian (2) infectted wheat seedlinjrs with barley and wheat 
isolates of Bacterium atrofacif u.^ by Avoundinjr the youiijr jdumules with a 
needle carryinj*: the bacteria. In the same year Gorlenko (3) obtained 42 per 
cent diseased wheat seedliiifrs by infestinjr wheat seeds with Xarifhomonaa 
iranducens var. cereaJis following an initial needle woundin" of the seeds 
close to the embryo. Althouji:h Gorlenko and Hajrbor}^ showed that Avounded 
infested seeds resulted in a hi"h percentajrc of diseased seedlings they, and 
the earlier workers, did not define the course which the pathofren followed 
in movinjr fcom the seed surface to the a(Tial portions of the plant. 

The purpose of this study was two-fold; first, to study the influences of 
races of XanfhomonaH trauslucens var. cereal is on the f!:rowth of seeds and 
seedlint^s of barley, bromejrrass, and wheat; ami second, to trace the move¬ 
ment of this orp:anism into the embryo and follow the spread of the pathojren 
from the seed up into the primary leaf. 

MATERIALS AN1> METHODS 

The barley and wheat varieties used were obtained from the Ajrronomy 
Farm at Iowa State Collep:e, while the strrJns of brome^rass were obtained 

1 Ta’vcn from a thesis presented to the Graduate Faculty of the Iowa State Collojje 
in partial fulflllmeut of the requirenuMits for the Dej^ree of Doctor of Philosophy. I^roj* 
ect No. 884. Iowa Agrieultunil Experiment *Statioii Journal Paper J-1.117. 

2 The author wishes to extend his aj)preciation to Dr. I. E. Meihus for his direetion 
and valuable criticism during the course of the investigation and in the final preparation 
of the manuscript. The author also wishes to thank Dr. George Hemeiiiuk for his helpful 
Huggostions in preparation of the inanuscrijd. 
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from the Soil Couservation Service at Ainos.^ As far as possible disease-free 
seeds were used. Prior to infestation all seeds were immersed for ten min¬ 
utes in a 15 per cent solution ol eommereial eJorox,^ and rinsed several times 
in distilled water. 

The seeds were Avomuled by rupluriiifj: the testa eoverinjj the embryo with 
a dissect in jr needle, under a binoeular. Four races of X anthomonas irons- 
luce ns var. evn <ihs^ whose history and performance were already known (9), 
wei*(‘ used be(‘ause they were isolated from the same hosts employed in the 
present trials. All bacterial races were maintaiin^d on nutrient af^ar. 

For seed infestation foni* 24-lionr bcef-pej>tone aj^ar cultures of each race 
were used. Tin* culture tubes were half filled with water and the bacteria 
were scrapt‘d into the water with a nichrome wire loop. The suspensions 
from 4 tubes oi any one ra(‘e were emptied into a sin<rle flask containing the 
seeds to be infested. The soaking seeds were then subjected to a partial 
vacuum by a water vacuum j>uiiip for 5 minutes and allowed to soak in the 
suspension ioi* one hour oi* more depending u])on the experiment. Usually 
tJie s(*eds were jdanted on sterilized moist filter papers in 9-cm. Petri dishes. 
In a few tests infested s<‘e(ls were also planted in steamed compost soil in the 
greenhouse. The seedlings were usually examined for germination and dis¬ 
ease seven days after plating in the laboratory. 

THE INKLri:N('E OF X.\NTno.\10NAS THANSLUC’ENS VAR. CERE* LIS 
ON THE OiERMl.NATION AM) SEEDLING INFECTION OP 
XONlirLLED AND HELLED HAKLEV SEED 

While Hagborg (4) and Gorlenko studied the pathogenicity-of 
Xonlhomonos fransluct ns on wheat by infesting wounded seeds in bacterial 
susjiension, Kingsedver (7) found that hulled oat seed without intentional 
wounding gave a higher j)en*entag(‘ of infection than nonhiilled oats when 
sfiaked in suspeiiHions of Psf ndffinonas coronoforif ns. This finding aroused 
speculation as to what might ha})])en with barley and broim^grass wdiich are 
well f<»rtified wdth hulls. 

At tlie outset, the jmthogeiiicity of races 1, 4, 5, and 6 of Xanthomonas 
transluccns var. a n ails was tested on nonhulled barley in three experiments. 
No difference in germination and see<lling infection was noted betw’cen the 
infested and the iioninfestetl seeds. In further tests different lots of hulled 
and nonhulled Spartan barley were infested Avith race 6 by soaking in a 
bacterial susfx'usion for one, two, three, and twenty-four hours. No differ¬ 
ences in germination were noted in the hulleil or nonhulled seeds, cither 
infestetl or noninfesteil. The percentages of diseased seedlings in the in¬ 
fested nonhulled series w’ere 12, 17, 17, and 50 for 1, 2, 3, and 24 hours’ soak 
jjeriods, res|)ectively, while in the hulled series for the same periods the per¬ 
centages were 54, 57, 57, and 67. The removal of the barley hulls had the 

‘iThv author wishes to ^-xtontl liis grntitudo to l>r. 11. i\ Murvhy for supplviug the 
seeds of tlie sniali grains. Also, it is a pleasure to acknowledge the as.sistanco of Mr. 
M. Ij. Heath of the Soil CJons(‘rvati<»n Service :it Ames iii supplying the brouiegrass seeds. 

^ Couiniercial clorox is a 1.'^ per cent solution of sodium hypochlorite. 
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same effect on seedliiijr iiifecdioii as iiicreasiiifii: the period of soak. In two 
additional experiments hulled and nonhnJJed Olabron barley were used. In 
tlie first of these the seeds were soaked for 1, 5, 10, 15, 20, and 25 hours, while 
in the second the seeds were soaked for 1, 5,10, 24, and 58 hours. A^ain no 
influence on «rermination Avas noted for any of the treatments. In the in¬ 
fested series the pereentafre of infected seedliiifjfs was hijrher with tlie hulled 
seeds than with the nonhnlJed as in the earlier trials. With hulled seeds the 
number of infected seedlings was the same throujrh the rangre of soaking 
periods. On the other hand, with the nonhulled sec<ls the number of diseased 


seedlings w^as "renter with the lonjrer soakin 
were infected without deliberate woiindiii" 


" In these trials the seedlinjrs 
of the seed. Of (H)nrse, sc)me 


w^ouudinjr may have occurred in the process of removiiifi: the hulls. 


THE INFLITENCE OF TEMPERATFRE ON EMERGENCE AND SEED1j1N(] INFECTION 
FROM SEED SOAKED IN DIFFERENT STRAINS OF XANTIIOMONAS 
TRANSLUCENS VAR. CERFIALIS 

The influence of temperature on the j)atho"enicity of the orfranism on 
hulled and nonhulled seed was desirable to know. Also, with hulled see<l it 
was essential to determine the influence of the temperature durinjr jrermi- 
natiou on the seeds and seedlings. In a preliminary experiment with hulled 
barley infested with ra<jes 1 and 6 of Xanihomonas transluvens var. verralts 
and held at 15^ C, and 25” C., no difference in "erniiuation was found and 
the percentages of infe(*ted seedliiifrs were the same at both temperatures. 

To determine whether or not the temperature duViii" seed infestation 
influenced emergence and the seedliiijr infection, nonhulled seeds of (ilabron 
and Velvet barley were infested by soakinjr in suspensions of race 6 t)f 
Xanthomonas ir(ni since ns var. cerealis for 24 hours at 10”, 15”, 20”, 25”, 
30”, and 35” V. Correspondiu" lots of seed were soaked simultaneously at 
the different temperatures in distilled water. The seeds were then planted 
in potted steamed soil and were placed in a dark incubator at 25” C. When 
the youiif? seedlings were 5 cm, hi"h the eiiierjren(*e was recorded and the pots 
containing the seedlings were transferred to the "reenhouse. Tw'o days later 
the diseased seedlinf»s were counted. (See table 1.) 

The emergence of the two varieties w^as erratic in both infe.sted and non- 
infested seed lots. At 30” and 35” C. a definite reduction of emergence was 
obtained in the infested and noninfested .series. Seedliri" infection from the 
infested seeds occurred at all .six temperatures. The total number of in¬ 
fected plants for all temperature exposures was 34 with Velvet and only 24 
with Glabron barley, which is only 3 and 2 per <*ent, respectively, of the total 
number infested. Apparently ihirinp: the period of .soakin" the temperature 
had no influence on the penetration of the bacteria beneath the hulls since 
the percentages of infected seedliiifrs for both varieties were low at all 
temperatures. 

The influence of temperature on emerfrence and seedlinfr infection duriiijr 
the germination of seeds infested with races 1 and 6 of Xanthomonas trans- 
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IARJjK 1. -1 he fmt'rfff'ticf and sfvdlinfj infeciUm of two barlry varieties soaked in 
water and tn a suspension of rare 6 of Xanthomona^ translueens rar. eerealis for S4 hours 
at si.r different temperatures 
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^ E.'icli v<*jnvm*iits tin* from four ivjilicutiouH of 50 seeds in 

liifertioii j»ereenluj;e w;is hused on the iiiimher of st^ecllinj^s that emerged. 


htrrus var. rt realis was stuclicMl. The seeds were infested by soaking them 
six hours at room tfniiperature in suspensions of two races of the bacterium. 
The seeds were then jdanted. as before, in polled steamed soil and placed 
in the incuhat<»rs until Ihe seedlings were 5 to 7 cm. Iiigli. when the pots were 
transferred 1o the greeidionse. At Ihis lime emerg(*nee was recorded and 
seven days later see<iling infe<‘tioii wjis recorded (Table 2). The emergence 
of tJie controls was at a high level, between 78 and 91 per cent, at temT)era- 
lures of 1(1 25 (\ and f(‘ll off slightly at 30-115® C. The emergence of the 

steeds infested with race <» was lower tlmn the controls at corresi>onding tem- 
j)<»ratures, ex<*ept at 35 ’ where there were no differences. The emergejiee 
ptM'eeiitage obtained iising this race was the same at all temperatures exce[)t 
30" i\ where a reduction occurred. AVith race 1 the emergence decreased m 
a regular manner with increasing temperatures, from a higli of 78 per cent 
at 10 ('. to a minimum of about 12 i)er cent at 30® to 35® C. Therefore, 
there was less reilin-tii>n of emergence in comt>Hrist)n to the controls at the 
lower than at the higher tcm}>eratures, 

Seeilliiig infe<*tioji was obtained with both races of Xanthomonas frans- 
htrtds var. cfnalis. The percentage of infected seedlings obtained with 
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race 6 was approximately 14 at all temperatures and no significant differ¬ 
ences due to temperature Avere noted. With ra(*,e 1 the pereentai^e of infected 
seedlinp:s was generally greater as the temperature at which the seedlings 
were grown w^as higher. Thus the percentage of infected seedlings ranged 
from a low of six at 10C. to a high of 77 at »35° C. 

THE KELATION OF SEED INJURY TO GEKMINATION AND 
SEl^DLING INFECTION 

The trials on nouhulled and hulled barley suggested that if the bacteria 
were allowed closer contact with the embiyo t’^ey Avoiild jienetrate the gi’ow- 
ing seedlings. Whether or not the pathogen entereil the develo]>ing embryo 
Avas not knoAVii because* the germinating seeels had Jiot been killed. Hagborg 
(4) and Gorlenko (3) obtained high percentages of infected wheat seedlings 
by wounding and inoculating the seeds. These Avorkers re])orted that Aveiund- 
ing the see*ds reelne*eHl the germination. In e)rd(T to de*1 ermine the infinene*e 
of the bacteria on Avouneled seeds, trials Avere made with Aveiniieled barley, 
bromegrass, and Avlu^at intVsteM Avith differemt racers of A'ant homo n ns trans- 
lucens \"ar. cvreaJis, 

Barley eel Wounded and Infested with Xanthonionas iranslna ns 

rar. cerealis race 6 

In the first trial tAve) samples e)f Peatland barley of 20 seeds each were 
hulled and Avouneleel; twe) other sample's we're hulh-Ml only. Similar hits e»f 
Spartan, barley Avere also ]) re* pa ml. Using the two varie*tie*s. one sample e)f 
the wounded seeel anel one sample e)f the* hiille'd se*eel wei'c soakeel in suspen¬ 
sions of Xarithomonas transineens var. cereal Is ra<*e 6, Avhile the e)the*r sam¬ 
ples Avere soaked in Avater. The see'ds were plante'el e>n moist filter j)a])er in 
sterile Petri dishe's. Germination was counted thre*e elays after planting, 
AA’hen the diseased iiliimulcs cease'd te) ele)ngate. The* short plumules \ve*re 

TABI.iE iU —Gfrmhtation and srulfinff uif^rlion nf lira caridirs of hnJJtd harlri/ 
artificially vufvndrd and nonv ounded soa/rrd hours in ivattr and a sns/o nsinn of rac< tJ 
of Xanthonionas transliiccns rar. n reads {JO suds fur jdad ■ 
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90 

0 

55 

54 

15 

100 

2 

95 

0 

90 

0 

90 

17 

85 

77 

3 

95 

0 

80 

0 

90 

n 

65 

77 

Spartan 

1 

70 

0 

00 

0 

80 

37 

20 

100 

2 

100 

0 

85 

0 

H)0 

20 

90 

61 

3 

80 

0 

85 

0 

80 

19 

80 

69 


Percentage infection is base*d on the* number of seedlings tlint de'velo]>cHl. 
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frequently browned and appresscd to the kernel. Final counts of diseased 
seedliiijrs were recorded after seven days when the first foliage leaf had 
elongated sufficiently to have evidence of infection (See table 3). 

In the control series the wounded and nonwound(*d hulled seeds of both 
varieties germinated well and the seedlings were healthy and vigorous. No 
significant reduction in germination attfuided the wounding of hulled seeds. 
In the series infested with ba(*Ieria tlie emergence of the nonw’ounded, hulled 
seeds was moderately reduced only in the first trial with Peatland barley, 
but not in tin* sei^ond or third trials. Tliere was no reduction in germination 
with Spartan barley. With Avounded ljulled seed of both varieties there 
were marked re<luctions in eincrgence only in the first trial but generally 
none in tlie other two (‘xce])t for moderate reduction with Peatland barley 
in the third trial. 

The ]>ercentage of diseased seedlings in all the trials of both varieties was 
much greater with the wounded, hulled seeds than with the nonwounded, 
hulled seeds. Tin* occurnuice of seedling infection in the nonwounded, 
hulled seed which was infested would suggest that w’ouTuling occurred during 
the hulling. An examination f)f hulled seeds through the binocular revealed 
that eitluu* the testa or tlu* embryo were injured in many of the seeds. 

Symptoms were observed on the young seedlings. The plumules that 
were not over 1.5 to 2 em. Jong became yellow and Avater-soaked. On the 
eoleoptile tli(u*e Avere light broAvn lesions. Exeept for these inconsi^iciious 
lesions on the <*ol(»optile soiin* plumules aiq>eared IjeaJthy. Later the lesions 
apj)t*ared on the first foliage leaf as it emerged from the eoleoptile. 

Brnniufrass Wo\iii(hd and Ju ft sled ivilli Xanlhomonas trans- 

/(((’(ns ntr. cvn alis nice 6 

Preliminary experiments demonstrated that hulled broraegrass seed AA’as 
more suscei)tible to XanfJionu)nas tranalucois var. crrrnlis than nonhulled 
se(*d. Therefon*. thr(*e experiments Avere desigiuMl To determine if AAnunding 
iiu'reased the susc(*ptibility of the germinating .sc^eds to the bacteria. In 
another trial bromegrass seeds Averc hulled, divided into lots of 50 seeds, and 
woiuidiMl as befor(*. Tie* lots Avere then diA’ided into tAVO, 25 seeds each. One 
lot Avas soaked in water and the other Avas soaked in a suspension ot the 
broim^grass pathogen. Twenty-five nonhulled and hnlled seeds Averc in- 
elu(h‘d as cheeks against the hulled, wounded seeds. The germination and 
seedling infeidioii Avere recoi'ded five <lays tolloAving infestation. (Sec fig. 2.) 
The germination was the same in the nonhulled and hulled seeds in the con¬ 
trols. The germination of the hnlled, Avonnded seed was reduced approxi¬ 
mately 40 per (*ent, whieh indicated that the young embryos of the iion- 
infesied seeds may have been injured. Infestation reduced germination of 
nouAvounded, ludled bromegrass seed and reduced it even more Avith A\ouTided, 
hnlled bromegrass seed. The lower germination in the nonhulled and hnlled 
infested bromegrass seeds in eoinparison Avith the controls suggested that 
the baederia bad some influence on germination. 
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The infected seedliufrs were readily di.stiii^uished by the water-soaked 
lesions on the leaves. The percentaf?es of infected seedlinjrs based on the 
einerprence were 4, 13, and 60 for the nonlmlled, hulled, and hulled and 
wounded lots, respectively. There was no infection in the controls. Wound¬ 
ing the seed by splittin}>: the testa favored the patho»:en in its develoj)nient 
in the seedlinp:. Since the seedlin«?s from Tionhulled seed were infected, pre¬ 
sumably the pathojreii penetrated the hulls of the seed and (*ontacted the 
embryo or the bacteria from the hulls contaminated the emer}*:in<r coleoptiles. 

Whrat Sfnls Wounded and Infested with Races i, •/, 5, and 6 of 
Xanthonionas translucens /ur. cereal is 

Wheat, which in preliminary trials ha<l been unscathed by any of the test 
cultures, was wounded and soaked in suspensions nf four races of Xantho- 
monas translucens var. cereal is. Non wounded seeds were similarly treated. 
After soaking for 20 hours, the seeds w(Tc drained and planted in sterile 
Petri dishes or steamed soil. Control lots were scaiked in water. Five trials 
were made at 2-day intervals, three in P(‘tri dishes and two in steamed s<»il. 
Records were taken after seven days. 

Germination was reduced in the wtmnded inlVsted series. Races 1 and (i 
caused the fyreatest reduction in jrermination. The embry(>s of sonn* seeds 
were covered by a yellow bacterial mass. None of the four strains of hat*- 
teria seeme<l to attack the embryos of the nonwounded seeds and no ditfer- 
ences were obtained in the pen*entaji*e jrermination of the control and of the 
infested seeds. 

As in the barley and bromejirass trials, the percentages of infected se(»d- 
linjrs were greater with woundetl than with nonwouinled seeds. With broine- 
^rass the difference between the two wiis very much ‘rreater than with the 
other crops. Race (i was the least iiathojrcnie. Races 4 and 6 ]n’oduced less 
seedlin<r infection than 1 and 5. hi the soil the ])ereentajres of inf<*ction 
were 50, 40, 56, and 40 for the four races used. Seedling development was 
also influenced by the patho*»:en. For example, the averajrc ])lumule lenjjfth 
for the eijrht seedlin^^s in the first trial of wounded seeds infested with race 5 
was 2.6 cm., while the plumule lenjrth in the check was 7.0 cm. 

THE RKSPO.Nt.E OK NONW’OKN|)EI> SEEDS SOAKED l.\ Sl SPENSIONS OK 
XA.VTIIOMONAS TRANSErCENS VAIf. CKKEAEIS 
A.V'D PLANTED I.S SOIL 

Laboratory trials with seeds soaked in a baetei'ial suspension showed that 
such infested seeds frave rise to infected seedlinjrs in Petri-di.sh plantiufrs. 
This raised the <piestion as to what mi}rht happen when such infested .seeds 
were planted hi the soil. To study this ])roblem an exfieriment was desijrned 
to determine the influence of races 1 and 6 on emerj^ence and seedlinjr disease 
with hulled and nonhulleil barley seed. Lots of 200 seeds eacdi were soaked 
in bacterial suspensions of races 1 and 6, and in water as control. After one 
hour of soakiiifT under jiartial vacuum the seeds were jilanted, 40 .seeils per 
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pot, in 4-inoh pots of steamed soil. Five replicate pots for each of the twelve 
treatments were i)lanted and randomized as complete blocks on the green¬ 
house bench. 1 he emer}?eTn*e counts were made after seven days and are 
presented in fijrure 1. 

An analysis of the data indicated a hijrhly si»:nificant reduction in emer- 
jrence of hulled seed due to bacterial seed infestation. No sipiifieant differ- 
en<*es were noted between the two races. The emergence of nonhulled seed 
was unaffected by bacterial infestation. The hulls seemed to protect the 
seeil from bacterial injury. With removal of the hulls, better einerjrenee 
(d* the seed was obtained in the c«)ntroI series than when the hulls were left on. 



Kkj. 1. Tin* n*sultiii^ inniibtM* of iuf«*rtiMl sotMllin^s wliich dovolopccl 

from luillod ninl iionliulli'd h;irlcv sootl siiakod in suspoiisionK of two rai’cs of 

Aaul/inniitfnis Iranslurr* m\v. vrrtudfi. Soeds plantiMl in stt‘;niu*il soil. 


KUi. 2. Tin* ]K*iTCiit;i> 4 o jjorminntion and inlVcdcd s<*(‘dlinjrs wliicli dovolojK'd from 
w(Miiidt‘d and nonwoundod hroiiu-^rass scods soakod in a sus]H‘nsi()n of r;H‘c G of Xantho- 
nmndM trti»slnrt n.s var. c< rtolis. 


The numbers of diseased ]dants recorded ten days followiinr planting: are 
in fijrure 1. The results imlic-ated (1) seedling- infection with both races of 
Xanthomonas transinc< ns var. cfnatfs: {2) a g-reater number of })lants 
infected with race 1 than with race 6; (3) a g-reater number of jdants iiifeeted 


by both raees when hulled seed was usetl. These infeetion results were in 
agreement with those obtained in the Petri-dish trials. 

In a further experiment four raees of the organism were compared. The 
nonhulleil sec<ls were used and infested as before. The seeds were planted 


in potted steamed soil in four replieations and 
ehainber where the temperature ranged from lo 


randomized 
® C. at night 


within a moist 
to 25® C. dur- 
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ing: the day. After seven days the pots were transferred from the chambers 
to tlie greenhouse bench and emergence was recorded. Seven days later 
notes w'ere taken on the number of diseased seedlings. 

A variance analysis of the data revealed a highly significant decrease in 
emergence due to the races 1 and 4, but not to races 5 and 6. All of these 
races induced low percentages of seedling infection, ranging from three with 
race 1 to six with race 5. Despite the low incidence of disease the experi¬ 
ment showed that infected s(‘edlings could be obtained by i)lanting infested 
seed in steamed soil in the greenhouse. 

Wheat and broiiiegrass seeds also were tested with the same four races 
None of the races influenced emergence of these grasses although a few seed¬ 
lings were diseased in each of tliem. All races caused some wheat seedling 
int’ection wdiile only race 6 infected bromegrass seedlings. 

The small number of infected seedlings in these soil tests constituted 
further evidence tliat w’ounding favors infection. The tlata from the soil 
experiments substantiate the findings of the laboratory trials that wounding 
favors the entrance of the pathogen into the developing seedling. 

THE MOVEMENT OP XANTJIOMONAS TKANSLT-rENS VAR. CEKEAIJS INTO 
THE SEED AND LEAVES OP THE DEVELOPIN(J SEEDLING 

Although Hagborg (4), Galacbiaii (2), and ({orlenko (3) showed that 
diseased seedlings develo])ed from wounded, infested wheat seeds, they did 
not attempt to explain how or where the baeteria entered the seed and the 
developing seedling. Two courses are oj)en; eillier tb(‘ ])atl)ogen contami¬ 
nates the developing coieoptile cis it enierg<*s from beneath the hulls and 
subsequently jiasses through it to reacli the first h»at* or the jiathogen pene¬ 
trates beneath the luills and testa of the seed and enters the young tleveloping 
embryo. If the latter method is f(»llow’ed there must be a |)oint in the eiubryo 
through whieh the bacteria would pass to reaeb the jirimary leaves of the 
seedling. 

The present studies using nonhnlled, hnll(‘d, and wounded Imlled se(*ds 
have sbowm that high jiercentages of inferted seedlings were obtained only 
wJien the seeds were wounded. When the testa over the embryo was split 
to allow^ for passage of the bmderia to tlie emliryo, higli percentages of the 
growing seedlings develoj)ed infected coleoptiles wdthin 48 hours after infes¬ 
tation or had lesions on the lirst foliage leaves upon the leaf s emergence 
from the coieoptile, Th<»se facts indicated that tlie bacteria ]>enctrated the 
coieoptile at some point .s(ion after they were in contact with tlie tissne.s, .sinc(' 
the symptoms w^ere evident so soon after germination. Se<*lioiis of diseased 
plumules present evidence to support this contention. 

The symptoms on bai’ley, bromegrass. and w’lieat s<'edlings w’ere I'cniark- 
ably alike. Many diseased seedlings, 48 to 72 hours old, w'ore examined with 
the binocular. The first apparent .symptoms on plumules 3 -5 cm. long were 
yellowing, distortion, and deformation of the coieoptile. Long, w^ater-soaked, 
sunken streaks were on some coleoptiles. These streaks whieh were apparent 
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FiO. 3. I)jseascd foli;i(fe of a barley seedling with water-soaked, traiislneent 
areas. Note the liaeterial (*xiidate. 


before tlie folitijre leaf had burst tliroiijrh the colooptile, became brown and 
later sjdit, thereby exposinjr the yellow water-soaked inclosed foliage leaf. 
Severely diseased ])lumules soon collapsed ami died, either before or after 
emergence from the coleoptile. In less severely infected pluinules the first 
foliage leaves emerged from ihe coleo])tile and continued to develoj). Scat- 
tere<l transliK'ent aivas develop(*d along the unfolded leaves and these areas 
later enlarge«l into y<*llo\v-green, water-s(»aked streaks (Fig. II). These 
streaks were eh'arly \ isil)le on barley aiul wheat, but were difficult to see on 
the narrow leaves of broniegrass. As the broine h‘av(‘s increased in size, liow- 
e\'er, the streaks hi‘canie clearly [)erceptible. 

Free-hand se<*tions cut from the base of tla^ diseased ])lumulc were studied 
under the mi<u*oscope. Ba('teria could be seen streaming out of the cut ends 
of the sections, but it was not always ])ossible to determine the f‘xaet point 
of egn'ssion. Masses of bacteria and cell debris exuded from the tissues of 
th(‘ coleoi)til(‘ and from the vicinity of the first foliage leaf. There were no 
lesions at the of the plumule nor was there any bacterial streaming from 
.se(dions made at the tip. 



Fig. 4. A crosH section of a barley indU^luTtUof entrance 

.... t,. co.ooptuo w^ne b 

the parasite reached the first foliage leaf. 






456 


1*H YTOPATHOLOG Y 


IVOL. 36 


Plumules from which the free-hand sections hacl been cut in tlie prelimi¬ 
nary diag:nosis were killed in formalin-aeetic-alcohol saturated with mercuric 
chloride. The mercury was added to prevent the leachinp: of the bacteria 
from the tissue. The tissues were run tlirou^h the butyl alcohol series, 
embedded, and stained. 

The sections were examined under the microscope for the location of 
lesions and the organism in the tissues. In these lesions there were masses 
of bacteria in the intercellular spaces extending from the outer to the inner 
surface of the coleoptile (Fig. 4). The first foliage leaf lying against the 
inner wall of the coleoptile was severely par^'sitized and partially disinte¬ 
grated. The tip of the second foliage leaf abutting the first leaf was entirely 
destroyed and the space filled with debris and bacteria. The third leaf lying 
inside the second leaf was not invaded. The ]>athogen was intercellular in 
the parenchymatous tissues and it was never observed inside the endodc^rmis. 

There was no evidence that the bacteria invaded the st*edling ext*ept 
through the coleoptile. Stomates were observed along the coleoptih* and 
these served as natural openings for the entrance of the bacteria. Pen(‘tra- 
tion was not observed in the root tissue or in the scutellum area. Primary 
infection presumably occurred through natural openings or wounds in the 
coleoptile either while in the embryo or in the early stages of plumule elon¬ 
gation. Presumably, the pathogen was carried uj) in the aerial parts of tlie 
seedling when the first foliage leaves <‘m<‘rged fnnn the elongating infect<*d 
plumules. 

srMMAKV 

Seed a!id seedling infec'tion of barhy, bromegrass, and wheat was studied 
with seeds infested with races of Xaikthomoiius franshtrf ns var. nnulis. 
The factors studied were duration of perio<l during which the seeds were 
soaked in bacterial sus[)ension, hulling and wounding the seeds, and the tem¬ 
perature during .seed infestatioji ami during seed germination and growth. 
The localization and the penetration c»f the bacteria into the developing 
plumule were studied also. 

Hulled barley seed soaked for one hour in bacterial susj>ension produced 
54 per cent infected seedlings while the nonhulled seeds which had been 
soaked in bacterial suspension for the same f»eriod produ(*ed only 12 p<‘r cent 
diseased .seedlings. A 24-hour .soak was neces.sary for tin* nonhulled seeds 
to yield 50 per cent diseased seedlings. 

The temperature during seed ijifestation of nonhulled barley see<l was 
not a factor influencing seed germination or seedling disease. The tempera¬ 
ture during seed germination and .seedling develo]>ment influenced emer¬ 
gence and seedling infection when seeds were inf(*sted with ra<*<‘ 1 of Xantho- 
monas iranslvccns var. verealis. 

Infection of barley, bromegrass, and wheat seedlings was facilitated by 
rupturing the testa covering the embryo prior to seed infe.station. Diseased 
seedlings were obtained from infested hulled barley and bromegiuiss seeds 
that were planted in the .soil. A few tli.seased .see<llings also developed from 
nemwounded infested wheat seeds. 
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Xanthomonas translncens var. cerealis penetrated tliroiiffh wounds in the 
periearp covering*: the embryo, as demonstrated by the grreater percentagre of 
infected seedling:s obtained from wounded seeds. 

Infection of the plumule occurred througch wounds or stomata on the 
coleoptile, spread rapidly throujrh these tissues, and finally reached the 
inclosed foliagre leaves. Sitice the first foliagre leaf was adjacent to the cole- 
optile it became infe<*ted before emcrgring; from the coleoptile. In this way, 
the infecte<i leaf by elong:ation carried the bacteria into the aerial parts of 
the seedlingr. The initial symptoms were water-soakeci streaks on the pri¬ 
mary leaf. 

Iowa Aohicitlti:hal Kxceriment Station, 

Ames, Iowa. 
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IDENTITY AND KNOWN DISTRIBUTION OP EL8IN0E PIBI 
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This paper presents certain basic data on the identity and known North 
American distribution of Elsinoi' piri (Woronicli.) Jenkins (3, p. 696) 
previously reiiorted only in abstract form (2. ]). 969 and 7). The recent 
findinjrs in our Northwest of this patliojren, Hiitherto reported only from 
Europe (3) and South America (3, p. 694; 5, p. 34-35; 6, p. 154), are of 
special moment in view of the economic importance of the susceptible fruit 
crop in the United States. 

The first specimens examined were spotted Hp[)le leaves from Mt. Vernon, 
Skap:it County, Washin<rton, September 1, 1943, collected by M, J. Porsell 
and E. I. Smith, and spotted ai)i)le fruits from South Bend, Pacific County, 
Washinjjfton, October 10, 1943, collected by R. P. Wilbur, all three of wliom 
participated in the Special Survey in the General Vi(*inity of Ports of Entry 
of the U. S. Bureau of Entomolopry and Plant Quarantine. These initial 
findinp:s led to a special survey in 1944 in western Washinjrton and Orej?on 
by L. W. Boyle, of the Emergency Plant Disease Survey, 1'. S. Bureau of 
Plant Industry, Soils, and Ajiricultural En^ineerinjr, which was supide- 
mented in Western Wasliinjrton by M. «T. Forsell. 

Spottinjr typically produced by tliis pathojren is represented by the 
numerous specimens collected durin«r September, October, and November 
over extensive se(dioiLs of western Washin<j:ton and Orejrou. Examples of 
infected apple fruits and apple and pear leaves are shown in figure 1. Sj)ots 
on the fruit of tlie Grimes Golden variety (Fijr. 1, A) were ^^merally ‘'brick 
red”^ (color reading based on dry ap]>le peel ) and pale at the center in 
the case of the older spots. Spottinjr was particularly colorful on a seedling 
apple fruit (Fijr. 1, C). Smaller spots on this fresh a])ple were “j)ome- 
frranate purple,” larg:er more diffuse spots were “ Eu^^enia red,” and centers 
of older spots were purple browji. In contrast, the healthy api)le skin in the 

1 Colors in qnotntioii marks arc based on Kid|jway (Kh. 

Fig. 1. Specimens of Ehwo<' piri on apple and prnr i*olU*ct<*d during the survey of 
1944. A. Grimes Golden apple, Whatrom Ck)., Washington, autumn, M. J. Forsell. x 1. 
B. Apple leuf, between Bellingham and Kverson, WUiateom Co., W^nshington, September 21, 
Jj. W. Boyle; a, x 1: fe, part of a, showing dark eonidial stage on tin? spots; d, same spot as 

c, X 3.5. C." Fruit of an api»le seedling, vie. Dayton, yamhill Co., Oregon, Nov. 21, L. W. 

Boyle and J. A. Milbrath. x 1. ]>. Pear leaves, Mt. Vernon, Skagit Co., Washington, 

September 20, L. W. Boyle, x 1. E. Detail of C, showing enlarged lenticular perfora¬ 
tions, x 3.5. F. Apple leaf from Lynden, Whatcom Co., Washington, Septemt)er 19, M. 

d. Forse-b and A. J. Ilanscn. x 1. G. Prominent spot on fruit of Ortley apple variety, Bay 
(Vnter, Pacific Co., Washington, Sej)tember 28, L. W^ Boyle, x .3.5. II. Detail" of F, 
showing abundant dark fructifications of the eonidial stage (c) 11, a and II, h (inset) 
same as F, «, and F, h, respectively, x 12. I. Spots on apple leaf, South Bond, Pacific 
Co., Washington, September 28, L. W. Boyle, x 1. J and K. Spots from 1 showing 
small, although distinct pustules of the eonidial stage; K, a, same spot as I, n. xl2. 
Photographs by M. J. Forsell (A) and R. L, Taylor (B-K). 

458 


















460 


Phytopatholooy 


[VoL. 36 


re<?ion of the spots was “liimier j^reen’’ and “lif^lit himier jrreen.’’ What 
may be of partienlar sifriiihcaiice in eoiineetion with the survey is the 
sinjrle eolleetion on quince of what is hero tentatively identified as Elsinoe 
piri. The spotted-leaves concerned were collected at Ol^a, San Juan Co., 
Washington, on June 13, by C. Bodie of the U. S. Bureau of Entomology 
and Plant Quarantine. 



Fig. 2. Distribution of JChitioi} jtiri in W'a.Hliington anil Oregon in 1944. 


All the specimens examined showed only the conidial stage, 8phaceloma 
pirinum (Peglion) Jenkins n. com. An isolation was readily made from 
the fruit illustrated in figure 1, C. On this frtiit. vegetative growth of the 
fungus protruded through the enlarged lenticels (Pig. 1, E), as described 
by Osterwalder (9) in case of a fruit spot on the Jonathan apple variety. 
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This spot was subesquently identified by Jenkins and Horsfall (8) as the 
Elsinoe fruit spot. In general on the specimens examined, the conidial 
stage forms more or less extensive linear, sometimes branched, dark pustules 
protruding through fissures in the ei)idermis (Fig. 1, G, also illustrated at a 
magnification of 12 diameters in 4, Pig. 1, C). Conidia are rarely in evi¬ 
dence. Spots on pear leaves (Fig. 1, D) are similar to those on apple leaves; 
likewise they agree with Arnaiid’s (1, v. 2, p. 1059) description of a pear 
leaf sj)ot in France, which has now been interpreted (4) as that caused by 
E, piri. The specimens and culture here utilized have been deposited in 
the Mycological Collections of the Bureau of Plant Industry, Belisville, 
Maryland. Representative material also is included in fascicle 2 of “Myri- 
aiigiales selecti exsiccati’’ by A. E. Jenkins and A. A. Bitancourt, now in 
process of i.ssue. 

Tile aceompanying map (Fig. 2), showing counties in which the fungus 
was found in 1944, indicates its wide di.stribution west of the Cascade Moun¬ 
tains. Thus far there have beeen no identifiable findings of it elsewhere in 
North Amorica. 

Plant Industry Station, 

BEUTSVlliLK. MARYIiAND. 
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OCCURRENCE OF CURLY-TOP VIRUS IN MERI- 
STEMATIC TISSUE 


C. F . Lackey 

(Accepted for publication Febriiurv HI, 1946) 

INTRODUCTION 

Tlie work of Bennett^ and of Beunett and Esau^ stroiif^ly indicates that 
the phloem is the tissue in sugar beet and tobacco in which the curly-top 
virus multiplies. It was demonstrated that Sie virus reaches its highest 
concentration in the phloem and that the virus is dependent on that tissue 
for translocation. Evidence was found that the virus sometimes occurs in 
the parenchyma but in relatively low concentrations. Anatomical observa¬ 
tions indicate that exudate es(*aping from necrotic phloem may carry the 
virus into the intercellular spaces of the i)arenchyma. No explanation is 
known, however, for the fact that in the crown parenchyma where the cells 
are closely packed together there was found as much as or more virus than 
in the parenchyma with its larger intercellular spacers. 

This paper reports evidence of virus multipli(*ation in meristematic tissue. 

MATERIALS AND METHODS l^SED IN TKSTS 0.\ ROOT TIPS OF SUGAR 
BEETS AND BEANS 

Methods were designed to cut sections of sugar-beet, and bean root tips 
below the protophloem sieve tubes which would contain the meristematic 
tissue of the growing point. To do this it was necessary to secure data on 
the distance from the tip of the root cap to tlie first ])rotophloem sieve tube 
as well as to the growing point. Tliis infonnati()n was obtained by section¬ 
ing and measuring serial sections of root tips embedded in sets of five. 

In order that some correlation could be made between size of root tips 
and distance to first protophloem sieve tube, the diameter of the tip was 
measured at the lower end of the first sieve tube*. Approximately 500 root 
tips were examined, including those from both healthy and curly-top infected 
beets. The diameter of the healthy root tips at the level of the lower end of 
the first si(*vc tube varied from O.'U to 0.66 mm. and the distance from the 
tip of the root cap to this ])oint varied from 0.55 to 1.20 mm. The diameter 
of root tips from curly-top infected beets rangt^l from 0.21 to 0.51 mm. and 
the distance to distal end of the first sieve tube 0.52 to 1.12 mrn. 

With these data in mind it was possible to cut sections of root tips well 
outside the distal end of the first protophloem sieve tube wdiich would con¬ 
tain mainly undifferentiated meristem of tin* growing point (Pig. 1). The 
fresh, living root tips were stained lightly Avith neutral red to make them 
visible when embedded. They were embedded in Avarin, soft paraffin in the 

1 Bennett, C, W. Pljint-tiHsuc Tclatioiis of the Bugar-beet curly-top virus. J(mr. 

Agr. Bes. [U.B.] 48: 665-701. 1934. 

2 -, and K. Esau. Further studies on the relationship of the curly top 

virus to xdant tissues. Jour. Agr. Res. [U.S.] 63: 595-620. 1936. 
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following? manner, ( commercial parawax was used on account of its plia¬ 
bility at relatively low temperatures. The root tips were placed in a shallow 
f?roove in one side of a thin block of parawax. The soft wax was then "ently 
folded to hold them hrmly; or, sometimes, two thin blocks of softened paraffin 
were grooved tofrether oA or a root ti}). When the embedded tips were cooled 
in the refrig:erator for a short time the hardened i^araffin held the rootlet 
firmly’ without crusliin^ it. By use of a hand microtome and seetioninj? 
razor, root-tip sections could be cut from 0.1 mm. up in length. The lenjrth 
of the root tip cut varied according to its diameter, so that an ample safety 
marjrin was left between the lowest section cut and the lower end of the 
first protophloem sieve lube. Larfre root tips were used. When a section 
wan cut the paraffin was sejuirated from it by means of dis.secting needles. 
From 20 to 132 s(»ctions of root tips w^re used in different tests. These small 
sections were macerated in a 5 i)er cent sucrose solution and nonviruliferous 
leafhoppers were allow’c<l t(» feed on this solution by usinp: feedinf>j cages of 
the ty])e described by Bennett.•' Tin* leafhoi)})ers were then caged singly or 
in twos on susce])tible test beets in the cotyledon stage. 


RESULTS WITH SUOAR-BI^ET ROOT TIPS 

By the use of the method described above for cutting these sections of the 
m<*i*istematic region of the diseased beet root tips a series of tests w'as eon- 



Ul(i. 1. Diagismimalit* sketfh of n longitmliiinl svvXnm of n suir;a-l»cct 
sliowiiic thf vorlioji of Uu' lif- nsod in tlio tosts uindo for tli.- ,.'-<'s.'iuo ol virus. A, Boot 
cap; B, groAviiig jioint; U, ]irotopliloi‘in sieve tui»e. 


chuited. As iiKlicated in lifriiro 1. tliose sections, mnfriufr from 0.2 to 0.4 mm. 
in lenctli, wero Irom Iho root-oap portions of the meristematic rejzion and 
well below the lir.st protopldoem sieve tubes. In all 22 of these tests, usin<r 
from 7 to 24 test beets in each test, positive results were obtained, with an 
average percentage of infection of 23.3, 


Dhrct Feeding of Vectors on Beef Boot Tips 
For these tests, larjre, living root tips from sngar beets “««eted whh 
eurlv-top virus were used. These were embedded singly m soft cor^ercial 
Bennett, C, W, Studies on i-roperties of the curty toi. viruB, Jour, Agr, Bob. 
I IJ,8,] 60: 211-241. 1!*35. 
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para wax leaving? one-half millimeter or less of the root tip exposed. A short 
section of small jrlass tubiujr was placed over each of these protrudiiifr root 
tips and one or two leafhoppers put in the tube and the upper end closed 
with cotton. The vectors remained in the tubes 3 to 5 hours at relatively 
hij?h temperatures. Some of the vectors died and it was difficult to tleter- 
mine the lenjrth of time the ones remaining alive had fed on the tips. Some 
of the leafhoppers remained alive althoujrh they did not feed duriiijr the 
4 hours of the test. Infection was obtained in 3 out of 7 tests made. This 
again indicates the presence of virus in the meristematic tissue of the root 
tips. 

The possibility that some leafhoppers may have reached a sieve tube when 
feeding was suggested. To answer this (piestion, studies were made of leaf- 
hopper punctures in beet petioles as described by Bennett in 1934. Measure¬ 
ments were made of the dej)th of these punctures. Many of these punctures 
were on the side of the petiole away from the vascular bundles and so proba¬ 
bly were of the maximum depth possible for the leafhoppers to ptmetrate. 
The punctures varied from 0.17 to 0.35 inrn. where no pliloem tissue was near. 
The measured distaiun^ from the extreme end of proto])hloem sieve tube to 
the surface of the root cap varied from 0.52 to 1.13 mm. In the large root 
tips used in these tests the distance averaged about 1 mm. It seems obvious, 
then, that the sieve tubes could not have been reached in the feeding process. 

TUSTS ON ROOT TIPS OF BEANS 

Root tips of beans were tested because of their large size and the easi‘ 
with which they can be grown. They averaged as large as th(‘ largest of the 
beet root tips. These tii)s were tested in the same manner as the beet ti|is. 
The sections of the root tip including the root cap were cut in lengths of 
0.4 to 0.5 mm. These were te.sted for virus conttuit. From 12 to 24 test 
beets were used in each of 15 tests and infection was obtained in all, with 
an average percentage of 32.6. As with the beet root tips, these results show 
that virus occurs in the meristematic tissue of bean root tips. 

TESTS OF CAMBIUM FROM TOBAC(H) STEMS 

Types of Plants Used 

Two species of tobacco, Nivotiann inhavum \j. var. Turkish, and A. yluti- 
nosa L., w^ere used in these tests. Whim sampled for virus, these plants 
varied in age, condition of grow’th, rind degree of severity of (*urly-to]) symj>- 
toms. When inoculated, there was not much difference in the size and age 
of these plants, w’hich varied from 12 to 18 inches high. However, when 
cambium w^as taken from them for sampling, the Turkish tobacco jilants wei’e 
of four classes: (1) Rapidly-grow ing plants 12 to 15 inches high, 2 to 3 w eeks 
after inoculation, and with severe symptoms; (2) iilants 15 to 24 inches high, 
3 to 5 weeks after inoculation, and with .symptoms j)ast maximum severity; 
(3) older plants about 24 to 30 inches high, 6 or more weeks after inoculation, 
showing some recovery; (4) old plants about 36 inches high, 8 or more weeks 
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after inoculation^ and in an advanced sta^e of recovery with almost no svmp- 
toms on the yonnjr upper leaves. The N. ghitmosa plants used in the 
experiments varied (‘orrespondinfriy in ajre, size, and len«,dh of time after 
inoculation. 

Methods 

The bark ol a ra])idly frrowinp: tobacco ])lant may be readily removed, 
leaving a layer ol cambium tissue on the woody stem. This meristematic 



Fl(i. 2. Traii8viT8f wrlicns <»t‘ tobacco stems: A, Parcncli.vnia colls (p) of biirk^ 
oxtoriial primary phloom («*ph'>, cambiuiii ring (c), ]>oiiit wlioro bark separates from (sp) 
woociv cvlincler of xvlom (x ) ami internal primary plibumi (iph); B, bark fH'parated front 
woodV <\'liiider of xvlein (x) and showiii^c external primary phloem (e]>h) in bark at 
upper edjre of eambium layer (c) ; (\ bark of tobacco stem showing external primary 
phloem (eph) in it ; D, woody cylimler showing xylem area (x) and outer edge free from 
inttTnal primary ]>hlo(‘m tissue after bark is peeled off, (c) thin canihiuiu layer. 

tissue was scraped from il- to 4-iiich sections of the tobacco stems and the 
wrapinps were suspendetl in a 5 per «‘eiit sucrose solution. Nonviruliferous 
leafhoppers were allowed to feed on suerose suspension of tlie scrapings by 
usiiig the same type of feeding cage employed with the tests on macerated 
root tips. 

By this njethod there was little chance of contamination from vascular 
tissue, as is evident by examination of figure 2. higure 2, A, is a transverse 
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section of a tobacco stem showing the hark witli external primary phloem, 
cambium layer, woody xylem, and internal primary phloem. Figure 2, B, 
illustrates how the bark comes loose from the woody cylinder, leaving only 
a thin layer of cambium on it and taking all the external primary phloem 
with the bark. Figure 2, C, shows a section of bark with the external pri¬ 
mary phloem and most of the cambium layer pulled oflF with it. Figure 2, D, 
is the woody cylinder left after removing the bark with only a thin uneven 
layer of cambium tissue left on it. Both freehand and iirepared sections 
were examined under the microscope after removing the bark to check possi- 

TABLE 1.— Testit for occurrence of curii/-top if'nis in cambium of Nicoiiana 
tabac.um 


Experiment 

number 

Test beets 
inoculated 

Test beets 
infected 


Number 

Per cent 

1 

24 

70.8 

2 

18 

44.4 

3 

20 

65.0 

4 

28 

64.2 

5 

20 

50.0 

6 

20 

35.0 

PT 

/ 

18 

27.3 

8 

20 

30.0 . 

9 

20 

50.0 

10 

24 

25.() 

11 

20 

8.5 

12 

20 

15.0 

13 

20 

30.0 

14 

20 

10.0 

15 

20 

0.0 

16 

20 

0.0 

17 

20 

10.0 

18 

20 

0.0 

19 

20 

5.0 

20 

22 

13.6 


Disoase condition of tobacco plants when 
cambiiiin was tested 


Young plants 12 to 15 inches high, inoculat(;d 
for 2 to 3 wcc‘ks, and with curly-top symp¬ 
toms of maximum severity. 


Plants 18 to 24 inches higli, inoculated for 3 
to 5 weeks, and with curly top syinj)tonis n 
little i)ast maximum degree of severity. 

J'lantH 24 to 30 inches high, inoculated for 
about 6 wi‘oks, Ii‘ss severe syinj)tomM than in 
the exi)eriuu‘nts (> to.O, and first dtdinite 
signs of recovt;ry evident. 

Old plants about 3(> imdies high, inoculated for 
8 weeks c>r more, in an advanced stage of 
recovery. 


bility of some outer phloem tissue remaining on the peeled stem. In every 
case examiiied the outer ])lil()em came off with the bark. 

Res nils 

The results of these tests with cambium from Nicoiiana iahactnn and N. 
gluiinosa are in tables 1 and 2. The concejitrations of virus in the cambium 
were highest in the case of the youngest plants with curly-top symptoms of 
maximum severity. Apjiareutly th<^ Aurus concentration in the cambium 
decreased as the plants recovered. 

DISCUSSION 

The curly-top virus has certain advantages for the determination of its 
presence in meristeinatic tissues. This is due to its inability to infect plants 
by juice contact, as is the case with some of the mosaic viruses. Since its 
rapid translocation is limited to the phloem and since there appears to be 
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little if any of it in parenchyma tissue, there is little chance of contamina¬ 
tion in dissectinp: out the inerislematic tissue for testiuf?. 

The question arises, why does tlie virus exist in the meristematic tissue 
of diseased plants, while there is little or none of it in the parenchymaf 
In parenchyma derived Ironi invaded merislem the virus must be inactivated 
or its multiplication stopped. 

Relatively hiiorh eone(*nti‘at ions of virus were found in the cambium near 
the lower ends of .stems of tobacco plants inoculated in the tops. Bennetf* 
in his freneral review of movement of viru.ses states that present evidence 
indicates viruses will not move faster than 1 to 2 mni. a day through paren- 

TABLK 2.— Tests for orvurrmce of virus in canibium of Nicotiana fflutinosa 



Tost lioets 

Test liO(‘ts 

DiscMise condition of tobacco plants wIkmi 

number 

inooulutod 

iufft'tt‘<l 

cambium was tested 


A u mber 

J*t’r cent 


1 

20 

50.0 

Young plants 12 to 15 inches high, inoculated 


16 

50.0 

for about 2 wt'cks, symptoms at maximum 


20 

60.0 

degree of severity. 

4 

20 

70.0 


5 

20 

65.0 


(5 

20 

60.0 


7 

18 

3H.3 


8 

16 

62.5 


9 

12 

66.6 


10 

13 

30.8 

Plants 15 to 20 inelies high* inoculated for 3 to 

n 

20 

30.0 

5 weeks, symploiTis past niaxirnuin degree of 

12 

20 

35.0 

.s(‘verity. 

i:i 

2(1 

20.(( 


11 

20 

10.0 

FMniits 24 to 30 inches high, inoculated lor 6 to 

ir, 

20 

20.0 

8 weeks, in an advanced stage of recovery 

10 

20 

10.0 

from curly top symptoms. 

17 

20 

0,0 


IS 

20 

0.0 


19 

20 

10 .(» 


2(1 

20 

0.0 



chynia cells. Such a rate of movement would not be fast enough to account 
for the virus being in the cambium of the lower end of the tobacco stem in 
such a relatively shoi-t time after inoculation even though these plants were 
only 12 to 18 inches high when inoculated. The jirobable explanation is that 
the virus passes from the ])hloeiu into the cambium and multiplies in this 
meristematic tissue. The coui'se of developments in root tijis is probably 
similar. 

It seems strange that with fairly high concentration of virus in the cam¬ 
bium and unilitfcrentiated region o1 the root tips no injury to these meriste¬ 
matic tissues ha.s been observed. Necrosis in the phloem of infected plants 
is the rule. The few eases of cell degeneration noted by the writer® in the 
< Bennett, C. W. The relation of viruses to plant tissues. Bot. Bcv. 6: 427-473. 
1940. 

Jjaekev, 0. h’. Curlv toji virus in root tijw of sugar heets and beans. (Abstr.') 
Phytopath. 28: 671. 1938. 
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apparently undifferentiated region of root tips were cells directly below the 
extreme ends of sieve tubes. The location of these affected cells suggests 
that they had passed beyond the meristematic stage. Injury to differentiated 
cells adjacent to the phloem in diseased plants has been commonly observed. 

Division op Sugar Plant Investigations, 

United States Department op Agricitlture, 

Riverside, Calipornia. 



INJURY TO APRICOT LEAVES PROM FLUORINE DEPOSIT 

E . K . D E O N u 
(A<‘c«*ptcd for piiblipnfioii March ], ]946) 

Injury’ to dairy pastures and orchards in the vicinity of an alumiinim 
reduction plant was reported in 1943 and 1944. The injury to dairies con¬ 
sisted of the deposit ot fluorine on alfalfa and other ])asture crops where 
ilairy herds were bein^ kef)t. This deposit was reported by State authori¬ 
ties as beiii}? of sufficient amount to be danj^eroiis to cattle feediiij' in the 
exposed fields adjoining' tiu* redindioii plant and in the direction of the pre- 
vailirifr winds. 

Vefretatioii in the area adjoining the reduction plant suffered to a varyin{< 
dejfree. Many of the broad-leaved plants were bla(*kened, and a few English 
walnut trees and aprieot trees within one-half mile of the plant were almost 
defoliated by the ejid of duly. 1944. Aprieot foliage still remaining on the 
trees was a dull red brown, and the outer edges of the leaves were dead. 

Examinations were made at intervals an<! foliagi* and fruit sampled from 
a large orchard property 1 i miles from the aluminum reduction plant, and 
directly in line with the prevailing wind. The orchards consisted of 60 acres 
of White Adriatie figs, 40 acres of Tilton apricots, and 5 acres of Elberta 
peaches. The part of the fig orchard adjoining the reduction plant was 
severely defoliated even in August. This varied because the soil is spotted, 
but there was less (hdbliation and a better growth of both fruiting w^ood and 
the current cro[) iti the half of the orchanl furthest removed from the fumes 
of the plant. The 1943 croj) was lighter than in the two previous years, 
while th(‘ growth of fruit wood was shortened and frequently the terminal 
buds were injured, which resulted in a “wdteh broom^’ effect. No discolor¬ 
ation of foliage was noted. 

The aprici»t <»rchard was very conspicuous from the type of injury occur¬ 
ring. The area adjoining the plant was about 60 per cent defoliated the 
first part of August. Most of the leaves remaining on the tree were injured 
ami the brown, dead parts of the leaf had an appearance of fire damage. 
Much gumming was found on the young tw’igs, and gum pockets were at the 
crown of some 5-year-old trees. Defoliated areas of 5 to 16 inches were noted 
on a large proportion of the tw’igs that made up the bearing wood. Beyond 
this defoliated area the younger leaves had varying amounts of brown, dead 
tissue. This type of injury was noted throughout the orchard but was more 
pronounced adjoining the reduction plant and in spots through the older 
orchard of 11 to 13 years. Tbifavorable soil conditions in gravel spots in the 
sub-soil or in spots where the soil Avas too heavy, resulted in an intensifica¬ 
tion of the symptoms. The 1945 crop was only about oO per cent of normal; 
its crop failure apparently being due to the early defoliation and bud injury 
occurring in 1944. Tlie amount of fluorine present on the leaves Avas found 
by Avashing them in a w’eak acid solution and determining the fluorine in the 
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washings by chemical analysis. The range of fluorine found on leaves, taken 
at random through the fig and apricot orchards, was from 247 to 403 parts 
per million. 

Ai)ricot leaf injury first appeared 2 to 3 weeks after tlie trees were in 
leaf. The first symptom was a wilting of the edges, which became progres¬ 
sively more pronounced for about 10 days by w4iich time the tissue was 
brown and dead. The width of the injury varied from 1 to § of an inch, but 
except in the most sevei*e cases, a varying amount of normal tissue was noted 
along the central vein. Figure 1 shows the form of injury commonly noted. 
This type of injury was seen throughout the season. The growing tip of the 
shoot developed normally and only leaves almolt full grown were injured. 
The damage continued for two years, unchecked, until the plant was shut 



Fig. 1. Apricot Ic.nves. A. Leaf, injured ))y lliioriiie df‘j)osit, witli dead marginal 
areas attaclied. B. Jujurod leaf from wliich dead areas have fallen off. C. Normal 
leaf, not injured. 


down in August, 1944. AVithin three weeks following the closing of the 
plant new growth was normal and no injury to h'aves w’as found afterwards. 
Similar injury to apricots was noted in a decToasing degree for 8 miles to the 
windward of the plant. Tlie same t.ype of injury was foiiiul on lilac, certain 
types of blackberry, roses, hydrangea, and a })luni tree. No injury was 
noted on the young peach orchard, although it adjoined the aluminum reduc¬ 
tion plant. The injury resulting from the fumes of the reduction plant is 
distinctly different from boron injury as commonly ri^ported. The first 
symptom of boron injury is a weakened or dead terminal growth sometimes 
resulting in dead spikes. Contrasting with this type of injury, the fluorine 
damage to apricot was on mature or practical!}'' full grown leaves. The de¬ 
posit, probably solid particles with fluorine adsorbed, accumulated on the 
leaves for tw^o weeks or longer before pathological symptoms appeared. 
Injury was no doubt intensified by the lack of rain during the dry summer, 
as in a humid climate the deposit would have been washed off by rain. 
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Sufficient moisture was present, however, in the dew and fog to dissolve any 
form of soluble fluorine present. 

The presence of fluorine in the fumes emanating from an aluminum 
reduction plant may result from a disturbance of ecpiilibrium in the electro¬ 
lytic bath where the bauxite or feldspar ore is treated. A process commonly 
used in recovering alumina is to fill the pots with a mixture of cryolite 
(3 NaF * AlF.j) and the aluniiunm ore. The cryolite is kept in a molten con¬ 
dition and the ore added at intervals. A disturbance of the balance between 
the fused cryolite and tlie aluminum ore results in freeing a certain amount 
of fluorine which w^ould Im^ released through the stacks. The control of flue 
gases, including the released fluorine, is a practical method of avoiding such 
injury in fields adjoining reduction plants. 

San Francisco, California. 



SEASONAL CHANGES IN BIOLOGICAL EQUILIBRIA INVOLVING 
TWO CHONDRIOSOMAL SYSTEMS IN 
VARIEGATED HOST A 

M . W . W o o I) s 1 A X I) II . 0 . 1) IT II i: y 2 

(Accej>tt*d for piihlirntiou Marcdi iL’, 

Plastids are known to liav(‘ certain i)ro])erties of livin«»: organisms (5, 
7, 9). They arise only from pre-existing plaslids or plastid-forming mito¬ 
chondria, iiniltiply by fission, and have a definite heredity (5, 7, 9). It has 
been observed that mutated ])lastids are tlu^ cause of certain types of leaf 
variegation (7, 9, 12). Recently it has been further shown that these abnor¬ 
mal plastids have an effect on the cells that contain them w hich is in certain 
respects remarkably virus-like (11). Tims variegation-inducing plastids 
(hereafter the abbreviation r/- wdll be used) by their presence in the cell 
lead to characteristic changes in the development and function of the normal 
plastids, cell maturation, and cell metabolism (11). Furthermore observed 
gradations in structural comi)lexity and pathogenic action of the ir/’-plastids 
in a large number of variegations have suggested more than superficial simi¬ 
larities between variegations of plastid origin, and tliose due to certain types 
of viruses (2, 11). Demonstration of ribosenueJeoproteiu in virus-free t)las- 
tids (2), confirming observations by Menke (8), furnishes a })robable chemi¬ 
cal basis for the theoretical heredity-controlling plastogene of Imai (7). 

In the origination of variegation it seems probable that the initial muta¬ 
tion would in most cases o(*cur in a single plastid or mitochondrium. In any 
case the establishment of variegation recpiires that the mutated i)Iastid- 
forming mitochoTidria be able to multiply in the presence of the normal or 
parent plastidoirie. Field observations of a ])lastid-iuduced variegation in 
Hosta revealed that a seasonal masking of symptoms occurred which w^as in 
many respects strikingly like seasonal masking of symptoms in certain virus 
diseases. Because of the previously demonstrated similarities in cellular 
pathology iu plastid-induced variegations, and certain virus diseases (11), 
this behavior of variegated Host a w’as of special interest. Furthermore the 
material seemed favorable for a study of factors which modify the quanti¬ 
tative relationships between the two plastid systems of a variegated plant 
during leaf development. The i)resent paper reports results of such a study. 

MATERIALS AND METHODS 

A white, variegated clone of Hoala japonica Asch. and Graeb. (Fig. 1) 
was grown out of doors or forced in the greenhouse during winter. Material 
for cytological examination was fixed by aspiration in freshly prepared 
neutral formalin solution (10 ml. of a fresh distillate of a mixture of 37 per 
(‘ent formaldehyde and an excess of NallGO., added to 90 ml. of water) and 

1 Department of Botany, TTniversitv of Maryland, C<dlogc Park, Maryland. 

a Industrial Hygiene Keseareh Laboratory, National JnsHtiitc of Health, IT 8. Public 
Health Service, Bethesda, Maryland. 
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examined without seetioniujr. Some preparations were kept for later obser¬ 
vation by rei>lacinf? the formalin solution with 10 per eent jrlyeerine. While 
seetioned material was used, much better results eould be obtained with the 
intact leaf. Yasui (12) employed a similar technic with variegated Hosta, 

MACUOS(^OPlC SYMPTOMS OF VARIEGATION 

Symptoms of variejration raiifred from a uniform sectorial ])attern to a 
hijrhly irregular mosaic of variegated and normal-appearing tissues (Fig. 



pi(}. 1. Vnricj^atoil Ilonsta Japonica Ascii, and Orach. A. Three syinptoin patteriis 
in leaves forin<*d in spring or early summer. Left to right: sectorial, sectorial-mosaic* 
'with green vcmiis, highly irn*gular mosaic. U. Influence of teinperature on sym]>tom pat¬ 
tern. Oldest Ic’aves (grc*en) ; developc*d in warm grcMUihousc*, intermediate* lc*a\es (\aric^- 
gated sironglv) ; developed in c'ool grc*enhouse, youngt*st h‘avc*s (grec*n) ; di‘\elo])ed outside 
(luring siiinnmr. 

1. A). These ])iit1enis nre ihie to the ilistrihutioii of i'/-|)htstuls whieh are 
■without visible pifjrmeiitaliou aiul distiiietly siuallei' than the fireen ])lasti(ls 
(Pi}l. 2). The contrast between tlie two types of plastids is always marked, 
and heteroehondrie cells (cells eoiitainins both types of plastids) are readily 
distinsuislied (Fifts. 2 and 2). A somewhat similar varieption in Hosta 
has been described by Yasni (12). She noted that tlie median lonjiitndinal 
parts of leaves formed in the spriiifr were yellow whereas summer leaves were 
Rreenish yellow. Her evtolofrieal descriptions, in so far as they cover the 
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same ground, are in essential agreement with ours. In our clone of varie¬ 
gated JBosia, leaves formed early in the growing season were strongly 
variegated whereas leaves formed during the summer were successively less 
variegated until some of them appeared inacroscopically free of variegation. 
However, leaves formed in September were often almost as strongly varie¬ 
gated as those formed during the spring. PJants forced from January to 
March, in a greenhouse held at temperatures approximating those of mid¬ 
summer, developed leaves with strongly masked variegation (Fig. 1, 13). 
Leaves developed in a cooler greenhouse on the other hand were strongly 



Fig. 2. Pour c<;lls from a .young Hummcr loaf (July 7) of variegatc*-d Tfosta japonica 
Aseli. and Graeb. These cells ocurrod in one of the* very rc'stricted areas with visible 
symptoms of variegation. H, heterochondric coll (v.'iriegation inducing plastid labeled 
vi) I Ho\, homocdiondric variegated cell; IToN, houiochondric normal cell. (Approx. 
700 y.) ^ * 

variegated. It should be emphasized that throughout the season no change 
in the symptom pattern of leaves already formed was observed. The mask¬ 
ing of variegation apparenlly took place during leaf ontogeny. 

The mesophyll immediately adjacent to the vascular tissues sometimes 
remained green although tlie interveinal tissue's wen* nearly or completely 
white (Fig. 1, A). Microscojiical examinations throughout the growing sea¬ 
son demonstrated the cytological basis for these variations in symptoms of 
variegation. 

CYTOLOGY OF VARIEGATKI) TISSUES 

Totally variegated areas occurred extensively in spring and early sum¬ 
mer iea\'es. Most cells in such areas contained only variegation-inducing 
{vi-) plastids. Spring leaves with clear-cut sectorial variegation (Fig. 1, A) 
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were characterized by a preponderance of cells containing only one type of 
plastid with sharp boundaries between green and white tissues (Fig. 3, C) 
whereas spring leaves with the irregular mosaic variegation (Pig. 1, A) con¬ 
tained many heterochondric cells (h'ig. 3, A and E). In the latter, vi-plas- 
tids tended to predominate. As the season pi*ogressed, successively formed 
leaves contained variegated areas which were more and more suffused with 
green. Microscopically this was paralleled by a gradual increase of normal 



Fig. 3. riiotoniicrograplis of uiistaiiied and iinseciMmcd leaves of variegated llosia. 
A. Hcteroehoiidrie and liomoeliondrie variegated eells adjacent to honiochondne normal 
area in spring leaf. B- Hetenielioiidric area in siimmor leaf. C. Abrupt transition 
betw(icn homochondrie variegateil and normal eells of spring leaf. 1). lletcr^hondrm 
cells of summer leaf. E. IIetenudioiidric cells s])ring leat (tu. plastids in D and E 
labeled— vl, normal t}pe—N). (Magiiilicatioiis: A and B, approx. 140; C, D, and L, 
approx. 900.) 


plastids in the abundantly occurring heterochondric cells (Pig. 3, B and D). 
This decrease in the number of the vi-plastids resulted in the formation of 
large numbers of cells which were free of t’/-pla.stids or contained only a few 
(Fig. 4). This constituted a reversal of the behavior noted earlier in the 
season. Yasui (12) attributed the deepening of green color in summer 
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leaves to a growth in size rather than to a eliaiige in number or growth rate 
of normal type plastids in cells with both types of plastids (heterochondric 
cells). This, however, does not explain the phenomena observed in our 
material. We did find the plastids of old normal leaves to be much larger 



SEASON DURING WHICH LEAF MATURED 

Fig. 4. lutiueuce of Hcasoii on dc'velopinoiLt of variegation in Hosia japonica Aseh. 
and Grneb. A. Approximate pereentage of total loaf area variegate<l. H. Average 
percentage of a normal green pla»tid complement in lieteroebondrie cells in measured area 
(20-25 cells counted). C. Percentage of cells in mt'asured area (of 100 (»r more cells) 
that were apparently homocliondric normal. J). Percentage of cells in measured area 
that were homochondric variegated. One typical leaf rei>resentative of each seas«>n was 
selected for each set of measurements. 
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tlian those of young leaves. Similarly the green plastids of heterochondric 
cells become abnormally large (2 to 4 times) on aging of the tissues (Fig. 3). 
These changes in size, however, did not account for the seasonal or high tem¬ 
perature masking, which is due to an increase both in the number of normal 
type green plastids in the lieterochondric cells (Fig. 3, B) and in the number 
of mature, apparently normal cells (Fig. 4). Some leaves formed during 
summer appeared macroscopically free of variegation. However, on micro¬ 
scopical examination occasional cells with only one or two i;^-plastids could 
always be found in addition to cells in which only normal plastids could be 
found. In no case was there evidence of plastids of intermediate type. With 
the reappearance of variegation in September and October many hetero- 
chondrie cells wnth large numbers of i^Z-plastids were again observed. Some 
leaves had large areas of totally variegated cells only. 

Cytological examination has shown that there is a tendency for the tis¬ 
sues along the veins occasionally to remain green. Apparently in hetero¬ 
chondric cells close to the vascular tissues conditions are more favorable for 
the development of normal plastids than for the ?;i-type. Often a rough 
gradation in the number of lu’-plastids in the mesophyll cells adjacent to the 
veins w'as observed. Thus (‘ells located close to vascular elements appeared 
either normal or liad very few' e?-plastids, wdiereas cells further removed 
from the veins had progressively more t^i-plastids until homochondric varie¬ 
gated cells occurred mid-way between adjacent veins. The small secondary 
venns sometimes exerted an influence of a similar nature on the meso[)hyjl 
(Fig. 1, A). Spring leaves with clear-cut sectorial variegation (Fig. 1, A) 
were charact(*rizcd by a preponderance of homochondric cells, both normal 
and variegated (Fig. 3, A). In leaves of this type th(*re was often little or 
no observable influence of the veins on cells ol tli(‘ white* areas of the leaves. 
The distribution pattern of the r/-plastids. espeeiallx' the manner in which 
the veins limit variegated areas, is suggestive of liinili^d intercellular migra¬ 
tion of t’/-plastid forming mitochondria duiing certain stages of leaf on¬ 
togeny as previously noted in other variegations (11). However, proof of 
such migration must await further work. 

DISCUSSION 

These studies (uiiiihasize the imiiortance of both the external environment 
(c.r/., temperature) and the internal environment (c.r/., vascular influences) 
on the cpiantitative relationships betw’een the variegation-inducing and nor¬ 
mal plastid systems of the cell. The results allow the conclusion that these 
relationships are in the nature of a biological equilibrium between the cell 
and the two plastid systems, although the precise nature of this balance 
remains to be determined. These relationships may be compared wdth the 
interactions that exist between a virus and a normal chondriosomal system 
of an infected cell (10). The interference with the development of the plas¬ 
tids characteristic of certain viruses is well knowm (11). Since plastids can 
be considered specialized mitochondria (5) the results might be suggestive 
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of an approach to a jri'oup of animal neoplastic diseases w'here the existence 
of similar systems in the cell has been postulated (1, 3, 4, 6). 

SUMMARY 

White variegated areas of Hosta japonica Asch. ajid Graeb. were due to 
the presence of colorless i>Iastids which, under certaiu conditions, multiplied 
at rates different from tlie normal pUistids in cells which contained both 
types (heterochondric cells). 

In leaves foi’med in spriiijr or autumn the variej?atioii-inducin<^ pJastids 
apparently supiu’cssed the multiplication of the normal plastids in hetero¬ 
chondric cells and the leaves were strong^ly A'^'ariefrated. The reverse was true 
(luring summer when “maskin*^” of symptoms ocM'urred in successively 
formed leaves. 

The vascular tissues of the leaf exerted an influence on adjacent meso- 
])hy]l of such a. nature that multiplication of normal plastids freipiently 
seemed to occur at the exjiense of the iv-plastids in heterochondric cells 
regardless of season. 

The bearing of these results on cancer and virus problems is discussed. 
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PHYTOPATHOLOGICAL NOTES 

Flag Smut of Wheat in Mexico.—Plain smut of wheat, caused by Uro- 
cyst is triiici Koern., Jias never been reported from Mexico prior to 1945. It 
was first encountered in the region of Zitacuaro, State of Michoaean, on April 
27,1945, and appeared to be distributed throughout a number of fields lying 
within an area of Hp])roxiinately 10 square miles. 

Circumstantial evidence indicates that tlie causal organism was brought 
into Mexico on wheat inij)orled from Australia. This wheat was destined for 
milling, but evidently some found its way into tlie hands of growers and was 
used for s(K*d. It is possible that other diseased fields existed during the 
current year in otlier parts of tlie Re])ub]ic, but no positive evidence was 
obtained outside of Michoaean. 

Tlie Dircccion General de Agricultnra, Sccretaria de Agricultura y 
Eomento, carried on an ei-adit-ation cainjiaigii in the Zitacuaro area, and a 
(piarautine has been established to prevent the movement of seed wheat from 
this area to otlier regions. A cam]>aign of seed treatment has also been 
begun as an aid in iireventing the establishment of flag smut. 

The vast majority of the wheals grown in Mexico are susceptible to flag 
smut. In the event that the eradication campaign is unsuccessful and the 
disease becomes wtdl established within the coimtry, it will be necessary to 
begiji a f)rogF*ain of inti-odiudion and breedijig for the ultimate selection of 
resistant varieties.— X. E. CouLArn, d. G. Haruar, and E. C. Stakman, The 
Rock(*feller Foundation, Mexico 1). F. 

The Efjict of Depth of Planiiiuj on the Emergenec and Survival of Blue 
Lupine. —Ojie of the most studous troubles in the growing of blue Lupine 
(Lapinas angast if alias L.) as a winter cover crop in Florida is the loss of 
plants in the seedling stage. After the plants attain a height of 6 to 8 inches, 
few fail to.grow to maturity. Among the organisms isolated from the dead 
or dying plants. Ithhoctonia spp, far outnumher all others. The host-para¬ 
site relationship and the factors affecting this relationship are not fully 
understood. However, it has been observed that fewer plants are lost when 
conditions favor <piick emergence and rapid growth of the Lupine seedlings. 
One. factor afl\‘<*ting the rapidity of emergence and subsecpient growth is the 
depth of planting. 

In an atteinj)t to evaluate the effects o1 the dei)th of planting on losses 
from disease, field soil Avas taken from the siirface three inches and put into 
flats. Sixteen flats were i)i*epared and moved into the greenhouse, Avliere 
200 blue Lupine seeds were planted in each flat. In 8 of the flats, the seeds 
were planted one inch deep Avhilc in the remaiiiing 8 flats the seeds were 
planted two inches deep. Five days after planting 94.1 per cent of the seeds 
planted one inch deep had emerged; the peak of emergence of 54.7 per cent 
for the deeper planting was recorded 10 days after planting. A photograph 
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taken 14 da^’^s after planting demonstrates the difference between the two 
deptlis of planting in the stand and growth of the seedling plants (Fig. 1). 

Some plants were killed by Rhizoctonia in all plantings: in the shallow 
plantings, the seedlings were killed in small localized areas, while only a few 
scattered plants escaped in the deeper plantings. Twenty-one days after 



Fia. 1. Blue Lupine plants showinjj the effect of depth of planting upon stand and 
growth of seedling plants. Left, seeds planted 1 inch deep. Bight, seeds planted 2 inches 
deep. 


planting, when the plants in the shallow plantings had attained an average 
height of 8 inches, 70.7 per cent of these plants appeared healthy, while only 
6.5 per cent of the plants in the deeper plantings were alive.— Phares 
Decker, Florida Agriculture Experiment Station. 

A Type of Internal Necrosis of the Potato Tuber Caused hy Psyllids .— 
Manson and Sanford are reported to have found in Canada an internal 
necrosis of the potato tuber caused by the tomato ])syllid.^ In a recent study 
of spindling sprout in the White iiose potato^ an opportunity was afforded 
to examine for internal symptoms several dozen tubers from plants arti¬ 
ficially infested with psyllids. The tubers had been stored at room tempera¬ 
ture for about 6 months and either had produced spindling sprouts or failed 
to sprout at all. On cutting, all these tubers had a characteristic discolor¬ 
ation in the vicinity of the smaller vascular elements. A similar number of 
control tubers from noiiinfested plants wen^ free from internal necrosis. 
The discoloration extended throughout the length of the tuber but was some¬ 
what more prominent at the stem end. On closer examination the discolor¬ 
ation was found to be due to discontinuous dark flecks (Fig. 1, A) rather 
uniformly distributed in cross section from the main vascular ring to near 
the center of the tuber. In early stages under magnification an irregular 
black and white pattern was evident within the flecks. With still higher 
magnification the cells were seen to contain dark bodies irregular in size, and 
amorphous to smooth and splierical in appearance. (Fig. 1, B). In later 
stages, the flecks became more readily discernible macroscopically because 

1 Sanford, G. B., and .1, G. Grimblc. Observations on phloem necrosis of potato 

tubers. Oanad. Jour. Res. 22: 162-170. 1944. ^ 

2 Snyder, W. C., H. E. Thomas, and S. J. Fairchild. Spindling or hair sprout of 

potato. Phytopath. 36: (In press). 1946. ^ 
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of the brownish cast due to cell necrosis, but they lost the characteristic, 
discrete, dark, intracellular bodies. 

It is hoped that the distribution of the flecks and their distinctive micro¬ 
scopic appearance will prove to be of diagnostic value for psyllid yellows 
where this type of internal necrosis of the tuber occurs. 

In other experiments in which spindling sprout was induced by infesting 
the mother plant with psyllids, internal necrosis was not observed. How¬ 
ever, in these instances either the amount of toxin taken up by the tubers 



Fig. 1. Iiitenial necrosis of potato tnbers from psyllid-infested plants. A, longi¬ 
tudinal and cross sections of affected tubers. B, detail of one of the flecks in A, before 
complete necrosis, to show several of the dark, intracellular bodies, 180 x (photograph by 
Catherine Roberts). 

may' have been less or the tubers may not have been held in storage for a 
sufficiently long time. 

Our evidence does indicate that the kind of internal necrosis illustrated 
in figure 1 may oecAir, like spindling sprout, as a symptom of psyllid yellows 
when tubers produced on heavily infested plants ai'C held in storage.— ^Wil¬ 
liam G. Snyder, II. Earl Thomas, and S. J. Pairchild, Division of Plant 
Pathology, University of California, Berkeley, California, and Mettler 
Research Laboraloiy, Santa Maria, California. 

Spermogonia versus Pyctiidia in Mycosphacrclla hrassicicola. —A pyc- 
nidial stage of Mycosphacrclla hrassicicola (Pr.) Lindau has long been 
accepted, with the ascigeroiis stage, as a cause of infection and spread of the 
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ringspot disease of crucifers. The so-called pyciiidial stage occurs abun¬ 
dantly and universally in affected plantings, and has been referred to as a 
Phyllosticta,^ While making a survey of cruciferous crops for diseases*’^ it 
wjis observed that ringspot lesions were always evenly spaced and distributed 
over the affected leaf at random (Fig. 1, A) in a manner expected only where 
the inoculum is wind-borne. Moreover, no instances were found where sec¬ 
ondary lesions were grouped about primary lesions in the type of tear-stain 
infection usually obtained from water-borne inoculum, such as is the case 
with the Phoma and Alternaria leaf spots ol* crucifers. Yet it is the arrange¬ 
ment of great numbers of the so-called py(*nidia, and later of perithecia, in 
each lesion in concentric circles, which is largely resfxmsible for the charac¬ 
teristic symptom and name of the disease. 

In the winter of 1945, an examination of numerous infected, living leaves 
of diseased cabbage plants from the field showed the presence of pycnidium- 
like bodies and pycnidinm-like ooze which cori’osponded to that previously 
described foi* the pycnidial stage."* Some of the ooze was collected and 
mixed with an ascospore suspension prepared from i)erithecia produced on 
dead, infected leaves found on the ground beneath diseased plants. This 
mixed suspension was placed on ])otato-dextrose. cornmeal. oatmeal, and 
water agars and incubated both at room temperature, and out-of-doors at 
Berkeley in winter. Drops of the mixed suspension were also ])laced on glass 
slides, with and without bits of healthy cabbage leaves, and on healthy leaves, 
in moist chambers, under both ejivironments. In all cases germination of 
the ascospores was obtained within 24 hours (Fig. ]*, B) but none of the so- 
called pycnospores produced an,y growth in 7 days. Weimer also reported 
failure to germinate the j)ycnosi)orcs. Furthermore his illustrations of 
symptoms show oidy evenly spaced lesions. 

Twenty inoculations of detached cabbage leaves we^re made with asco¬ 
spores and twent}^ with the ooze referred to above. Typical ringspot was 
obtained only where the ascos])()re iiioculum was used, and oidy wliere the 
leaves were incubated out-of-doors. 

Twenty single-spore cultures were made from ascosjiores, and 20 cultures 
from ooze, on potato-dextrose, cornmeal, and oatmeal agars, and j)Iaced out- 
of-doors. None of the cultures j)re])ared from the ooze grew, whereas all of 
the single ascospore transfers developed into colonies, and all produced in 
time the so-called pycnidia, and ooze. Moreover, all the cultures on corn¬ 
meal agar produced, in addition, mature perithecia. It is believed this is 
the first time this fungus has been carried through its complete life-cycle in 
culture. > SiiK'c these were single ascospore cultur(‘s, Myvo^phacrclla hrassi- 
cicala is obviously a homothallic fungus. 

1 McAlpiiie, ]). Fungus (liscnsc.s of cubbage and canliflowor in Victoi'ia, and tlicir 

trcatr.icnt. Victoria Dept. Agr. ITnnuinbcml Bid. .‘18 ]>. 1901. 

2 Biiydcr, W. C., and K. P. Baker. Biseases of seed cabbage in California. IJ. S. 

T)ept. Agr., PI. Bis. Beptr. 27; 394-398. 1943. 

3 Snyder, W. C., and K. P. Baker. Bisoase.s of seed cauliflower in California. IT. S. 
Dcj)t. Agr., PI. Bis. Eeptr. 29: 248-253. 1945. 

^Weimer, J. L. llingspot of crucifers caused by Mifcospliacrclla Itrassicicola (Fr.) 
Linda 11 , Jour. Agr. Res. [U.S.] 32: 97-132. 1926. " 
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Fici. 1. A. loaf naturally infocted with ringspot. B. Germiuatod asoo- 

»I>ores and ungt^rminatod s])ormatia, in water, after 24 hours, 575 x. 


Because of the failure of the so-called pycnospores to germinate or grow 
in or on various media, or to prodtice infection on cabbage under conditions 
favorable to ascospove growth and infection, and because of their character- 
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istic small size and appearance it is concluded that they are not pycnospotes 
but spermatia. Correspondingly, the structures which produce them should 
be called spermogonia, not pycnidia. This interpretation would explain the 
lack of any tear-stain secondary infection on infected leaves in the field. 
It is, then, the concentric rings of spermogonia on the infected foliage which 
give ringspot its characteristic appearance. There are probably other dis¬ 
eases in which a spermatial stage similarly has been taken to be a conidial 
stage of the j)athogen. 

Recognition of the fact that Mycosphaerella hrassicicola is a homothallic 
fungus possessing only one infectious (ascigerous) stage, spermogonia, and 
no conidia, indicates that dissemination is by Sneans of wind not water. This 
bears directly upon a correct interpretation of the disease cycle of ringspot, 
and upon its control.— William C. Snyder, Division of Plant Pathology, 
University of California, Berkeley, California. 



BOOK REVIEW 


Anna Webee og Chr. Stapel: BekaempeUe af Havcplanternes sygdomme. Kortfaitede, 
prahtishe Anvisninger, 11. for0gede og omarbejdode Udgave. Aim. Dansk Gartner- 
forening. 1944. (Control of diseases of garden crops. Short practical instructions. 
31th increased and revised edition, by the Danish Horticultural Association, 3944.) 
Everyone who ever has set about to write short practical instructions on the control 
of plant diseases knows the difficulties to bo faced. One cannot expect an average farmer 
or gardener to know much about phytopathology, therefore one must give as detailed in¬ 
structions as possible. On the other hand, these must be concise and not too much bur¬ 
dened with theory. The matter must be treated completely, but should not contain mate¬ 
rials that are not essential for the practical man. It is not easy to find the right way 
between theory and practice. 

Since this book has reached its 11th edition in 34 years, with more than 70,000 copies, 
and is known everywhere in Denmark as the “green book,'' one can presume that the 
authors have found this right way. And I dare say tliis little book is really an example 
of completeness, clearness, conciseiu^ss, and the right selection of subjects. 

The book is divided into 4 parts. The first deals witli diseases and insect pests 
occurring on many plants (32 pages, 02 alphabetically arranged paragraphs). In the 
second part the sjiocial injuries of the individual horticultural plants are dealt with in 
alphabetical order of the host ])lant3 (315 pages, 417 paragraphs). For each plant a first 
paragraph gives general instructions on sanitation, then the individual injuries follow in 
alphabetically arranged paragraphs. The third part contains a survey of the methods of 
control: cleaning, fertilizing, soil disinfection, seed dressing, dusting, spraying, fumi¬ 
gating, weed control, public control measures, import and export legislation, and com¬ 
pensation (14 pages, 11 paragraphs). In the fourth part (27 pages), finally, there follows 
an alpha)»etical survey of the fungicides and insecticides (41 paragraphs), the universal, 
Danish, English, and American measures and wtdghts, some important addresses, and an 
alphabetical index. 

The attention of ])hytopathologisls all over the. world is called not only to this indi¬ 
vidual book, but to all the jiractical liooks edited by workers in the Danish Plant Protec¬ 
tion Service. There is no doulit that they are some of the best works dealing with the 
Xiractical branch of our science. Unfortunately, the Danish language is little known, and 
this seems to have prevented their more universal use. Rut this should not be too serious 
an impediment; everyone who can read English and German will be able to make use of 
a Danish book, this language being somewhat intermediate between the two last named. 
And the little difficulty to be faced will be greatly rewarded in this case. Even those 
who may not read the Danish t(*xt will look at these books with great advantage, as they 
contain a great number of illustrations of an unsurpassed quality. 

The following books also deal with the phytojiathologieal and entomological sides of 
practical plant protection: S. ItosTRUP and M. Thomsen: Vort Landbrugs Skadedyr 
(Pests of our agricultural crops), 4th edition, (‘upenhageu, 1928; M. Thomsen and P. 
Rovien: Havoplantcrncs Skadedyr (Pests of horticultural crops), Copenhagen, 3933; 
E. Okam and V. Rovien : Rodfrugternes Sygdomme og Skadedyr (]i)isea8e8 and pests of 
root crops), Copenhagen, 3943; Chr. Stapel and P. Rovien: MaTk-Frtlafgrpdernos 
Sygdomme og Skadedyr (Diseases and pests of seed-producing crops), Copenhagen, 3943. 
—H. Bremer, Central Institute of Plant Protection, Ankara, Turkey. 
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JAMES ROBERT WEIR 
1881-1948 

♦i O IJ N A . s T K V E N S O N 

eJames Robert Weir whs born Alay .‘H, 1881, on a farm near Scottsbnrjr, 
Indiana, and at his own request was buried there, followinjj^ death from a 
cerebral hemorrlmji:e on June 1, 194J. Dr. Weir was a desc'eudant of Scottish 
immigrants, who came to th(‘ Oliio VaJley from the (^arolinas by way of 
Tennessee. As a farm boy he early became interested in the wild life about 
liim, both plant and aniinah and even prepared a manuscript treatise on 
“The natural history of Scott County'’ at the tender age of ten, although 
few })ooks except an early edition of AVood’s Botany and Dana's Geology 
were available to him. He graduated from the Scottsburg High School in 
1900 and tlien attended the LTniversity of Indiana for several terms. 

W anderlust overtaking him, he worked for a time with forest survey 
})arties in Alabama and Tojinessee, taking ])art in some of the early re(*on- 
iiaisan(‘e surveys eng'aged in ])rej)aring forest Avoi’king ])lans for the then 
Bur(‘au of Forestry. Betw(‘en seasons he matriculated at Purdue University 
as a s])ecial student, ])ursuing courses in botany under the noted botanists 
Stanley (Joulter and J. (\ Arthur. H<* finally returiu’d to Indiana Univer¬ 
sity where he reinaiiied until graduation in 1907 with an A.B. degree in 
botany. 

He began his ])rofessional canvi* as instructor in biology and chemistry 
at Culver Militai-y Acath'uiy, serving iji that capacity for two years. Tlie 
spring of 1909 found him rambling through CeJitral Europe botanizing and 
stiidying French and German. He entered the Ihiiversify of Munich in the 
fall, studying inidor Goebel in IxUaiiy, Tubeuf in forest pathology, and 
Hertwig in zoology and receiving the Ph.D. degree in May, 1911. His doc¬ 
toral dissert at ioji dealt with the genus Caprhms in its morphological and 
jdiysiological asj)ects. 

Returning shortly thereafter to the United States, he almost immediately 
a(*cepted a ])ositio]i as forest pathologist Avitli the Office of Forest Pathology, 
Bureau of Plant Industry, U. S. Department of Agriculture. During the 
ensuing ten yeai-s, in coo])eration with the United States Forest Service, he 
carried on ])ioneer investigations with fore.st tree diseases in the forests of 
the Northwest. His headcjuarters, originally at Missoula, Montana, were 
later transferretl to Si)okaue, AA'ashingtoii, a number of years before his 
transfer to W^ashington, 1). C.. in 1921. 

During this time—a fruitful i)eriod iji his career—he published between 
70 and 80 notes, bulletins, reports, and miscellaneous f)apers cov(»ring the 
results of his observations and researches on the problems encountered in his 
field. These papei's, many of them in collaboration with liis associate, E. E. 
Hubert, and some with the heli> of Annie Rathbun-Gravatt and Arthur S. 
Rhoads, covered a wide range <»f forest my<M)logy and pathology, including 
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descriptions of new fungi found associated witli tree diseases, records of 
forest tree disease surveys, studies of Avootl-rotting fungi, and life history 
studies of tree rusts and other forest fungi. Especially noteworthy were 
his extensive studies of the mistletoe parasites (the genus Razouniofskya) 



JAMKS ROBKBT WKIR 
18S1-J94:? 


of the forest trees of the Northwest. He gave ])articidar attention to the 
development of methods of prevention and e(»ntrol of tree diseases as part of 
standard forest management practices. An iiulefatigahle collector, he built 
up in the course of his work a comprehensive herbarium of fungi, including 
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not only those eiieoiuitcml in tlie lorests wliieh iie worked, but a 

valuable series obtained by exeliaiijre with myeolojrists througrhoiit the world. 
This collection, notably rich in the l^>lyporaceae and other wood-iidiabitinj; 
Hymenomycetes, now forms part of the uiyeolofrieal collections of the Bureau 
of Plant Industry. 

With the closino- of the Spokane laboratory in 1921, Dr. Weir came to 
A\ ashinj^toii to write up that portion of his work remaininjr unpublished and 
was then transferred (3923) to assume charp:e of the mycoloj?ical collections 
of the Bureau. His work with this unit was interru[)ted by extensive field 
trips. 

During 1923 as patholojrist, he was a member of the joint expedition of 
the Departments ol Ajrriculture and CVnnnier(*e to study the rubber produc¬ 
tion possibilities of the Amazon Valley of Brazil and Bolivia. During the 
course of this work a. vei*y lar^e and imporlant collection of fuJifjri was made, 
includiiifr not only those concerned with diseases of Hrna, but all that he 
c'ould find causinjr timber rot and disease of economic* trees in the area 
eov<*r(*d. A comprehensive publication eoverinj*: all known Hevaa diseases 
and fun<?i resultc^d from this work. F(»llowin*r this expedition he travelled 
(‘x'teusively in Arjrentiua, l*ara<niay, Chile, and the West Indies, continuing 
intensive studies of dis(*ases of tro]>ical plants. Before resuming his work 
in Washington lie spent two mouths in Cuba with tlio Sugar Experiment 
Station of the Tj*o]>icai Plant Research Foundation Avhere attention Avas 
given to sugar-cane-disease researcdi and the j>ossibi1iti(\s of controlling 
marabu, a leguminous Aveed tree. 

Early in 1927, the then ncAvIy organizc*d Rubber Reseaivli rnstitute of 
Malaya invited Dr, Weir to join the staff as Head of the De])artinent of Plant 
Pathology at Kuala Lumpur. Hen* lie spent two years organizing Avork in 
his field. There folio wcmI a pei-iod of service as Director of the Plant Reseaivli 
Dej)arlment of the Cbuxlycar Rubber Plantations Co., Sumati'a, Dutch East 
Indies. With broadened interests he established new silvicultural manage¬ 
ment ])ractices foi* rubber lamls, and studied improved tapping methods 
rather than confining his efforts to the purely pathological aspects of the 
crop as h<’ had done, perforce, Avhile working in Malaya. He took an active 
])art in the Company’s i>rogram of i>lanting 40,000 acres of budded, high- 
yieldnig clones on its new Wingfoot Estate and investigated other tropical 
crops including tea, tobac-co, <*offee, sisal, and Manila hemp. 

Returning to America late in 1932, i>lanniiig to resume his studies in the 
taxonomy of the fungi, he Avas soon back in ti-o])ical harness with the Ford 
Motor (.'o., as an agricultural advisor of this concern on its Fordlandia and 
Belterra plantations ahmg the Tai>ajoz River, a tributary of the Amazon. 
Here he found that ext(*nsiv(‘ ])lantings had been ma<le by transplanting Avild 
seedlings Avithout consideration for disease resistance or yield possibilities. 
His experience in the ()ri<*nt had demonstrated clearly that whereas, “run 
of the mine'' seedlings Avould yield only from 200 to 400 pounds per acre 
per year, selected clones Avith Avhich he had worked Avould produce 700 
pounds and even as high as 1500 pounds or more. 
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So within a few mojiths he was bark in tlie East Indies, buyiu|? selected 
plants of Ilerea budded from the choicest hi«:h-yielding? clones. Two thou¬ 
sand plants were finally secured, inakinjr a shipment of several tons in 
weijrht, all packed in specially built wardian cases and transshipped to Brazil 
with much care. He finally sailed up the Amazon and the Tapajoz with this 
material in the spriiijr of 1934, some 58 years after Sir Henry Wickham had 
sailed down the same Hi vers with his history-makinjj: collection of Hen a 
seed. It is of further interest to note that the Belterra plantation lies just 
across the Tapajoz Hi\'er from the town of Boii^ near which Wickham col- 
le('ted his seed. Some 12(K) of Weir\ plants .survived in the nursery of 
Belterra to form the basis of sub.se<(uent larjre .scale field plantinprs. And 
soon thereafter the International Rubber t'oinmittee in Singapore “locked 
the stable” by an order forbidding export (»!* Ilerea plantiiif? material in any 
form from territory under its control! 

Eollowiuf? his servi(‘e with the Ford C^).. which terminated in Marcdi, 
1938, Dr. Weir travelled extensively in Brazil and other countries of South 
and Central America with rubber-producinjr i)o.ssibilities, studying Hevea 
cultivation and diseases and other com pi en unitary cro]> plants. Durinj^ the 
years 1940-41 he was afjrricultural advisor to the Government of Venezuela 
with particular attention to increased rubber production. Death found him 
living quietly in retirement on the old home farm. 

Dr. Weir Avas a member of many technical organizations during his active 
career in fore.st pathology, among which Avere tlie American Phytopathologi- 
cal Soc'iety, American A,s,so(*/iation for the AdA’ancement of Science, Botanical 
Society of America, Society of American Foresters, Torrey Botanical Clnb, 
Ecological Society of America, and American Genetic Association. 
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LYGUS BUG IXJUBY UF LIMA BEAN IN CALIFORNIA 

K K N N K J’ n F . B A K K K , W I L L I A M C . S N Y I> E R . 

AND A . H . TT O L L A N I) I 

(Acecptcil for pu)>lieatjon February 19, ]94G ) 

There oeeiirs eominoiily in C«lifoniia a necrotic of seeds oF Jima 

hean and blackeyi* ('owjiea Avljich (dosely resembJes the yeast spot reported 
in patliolojrieal literature exeejit For the fact that no patlioj^en occurs in the 
lesions. Evidence is jiresented in tliis ])aper that the injury in California 
r(\sults from the leedi)i^»- oF Lyjnis bno-s on the developinj? seed, substantiating!: 
an earlier note (2). 

Large and baby lijua beans and Idackeye cowpeas in Aventura, Merced, 
San fToa(|uin, and Stanislaus eoinities and large linias in Orange and Los 
Angeles couJJtie.s commonly have this trouble, and it also is said by W. W. 
Ma(*kie to o(u*ur oji cowpeas in Im])erial County, It is referred to by growei’s 
and shippers as yeast s]>ot. apliid spot, seed puncture, seed pitting, or 
dimjding. Nearly tJie mitire dry large and baby lima crop of the United 
States (9H.4 per cent in the period, 1934-48) is grown in California on about 
]5(),000 acres of land in A’entura, (Irange, Mended, San Joa(iuin, Stanislaus, 
San Diego, Los Aiigehvs. and Santa Barbara counties. Green liuias for fresh 
market and freezing are grown to a less extent in Los Angeles, Santa Clara, 
Orange, Lake, Stanislaus, and Veutura counties, occupying about 8,000 acres. 

Losses froin Ijygus feeding n^sult from: (a) shedding of blossoms and 
young pods; (b) discarding lieaus having conspicuous pits, or lowering of 
gi*ade in fresh and Frozen lima beans, particularly the latter, if such seeds 
are Jiot removed; k*) cost of hand removal of pitted seeds from dry beans 
and from fresh limas to be used tor <|uick-freezing; (d) occasional withering 
of the affected bean in an otherwise normal pod. The amount of actual loss 
sustaiiKMl is uncertain because of the difficulty of comparison between fields 
and beca\ise the reduction in number or size of pods or beans may result in 
some size increase in tlie remaining beajis. Also, plants with severe shedding 
of flowers and ]H)ds often continue to flower and may set a late crop of pods; 
in some eases sueli as in tl»e Modest<» area tliis late crop may mature, although 
tardily, but in other areas smdi as Ventura the bugs remain active in green 
fields aud no late eroj) ran be set. The injury fro(jueutly is so severe in local 
areas that the croji does not ]>ay the cost of harvesting. 

This seed pitting ap])arently was first observed in Mieliigan in 3895 on 
common beau (8) and definitely attributed to Lygus feeding. This associ¬ 
ation was reaffirmeil in New York in 1919 (9) and was reported in Idaho in 
1980 (20) where it also oeenrred on lima bean. The injury Avas said {1) 
to liave occurred in California dried limas sold in Illinois in 1922 and was 

I Tlu‘ writers a('knowl<‘(lgf with i»loasuie the helpful suggestions of Dr. A. E. Miehel- 
haeher on some eiitoiuologieal phas(»s of the study, and of Dr. J*. D. lloel ou the statistieal 
teehuKjnes Mr. A. A. lVuk<‘rt. Oxnard, kindly siuiplied the plants aiialyyed in 

table L>. 

m 
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attributed t<» yeast, ajiparently on the basis of symptoms. The pittinjr was 
first definitely assoeiated with Lyjrus hu^ in California in 1944 by the 
writers. Fields with severe seed ])ittin»r and pod shedding frequently had 
larj?e populations of these inserts and were near recently (*ut alfalfa fields 
or other sources of infestation. Pods which contained pitted seed often had 
spots of sticky Lyjrus excrement. Examination of seed lesions failed to 
reveal Xenuftospora or other pathojrens. It is known that Lygus bugs injure 
alfalfa (23}. beet (10), and cotton (o) seeds, that they cause seed pitting 
of various beans (3, 9, 20) and that the insects feeci' on flowers and fruits or 
seeds. The demonstrated fact that the.se bugs are highly toxicogenic (21 ; 
22, })p. 164-106) is (*onsistent Avith the type of injury, a tissue breakdoAvn 
rather than a mere puncture. 

A similar type of injury to lima bean and blackeye cowpea was observed 
in Virginia in 1921 associated Avith the yeast, Xfmntospora coryli Pegl. (A. 
phdseoU Wingard), Avhich A\’as carried by the southern green stinkbug, 
Nezara viriduh L. (A. hilaris Say) (29, 30). Such a relationship had first 
been shoAvn by NoAvell (16) in 1917 for internal boll disease of cotton. Yeast 
spot of lima bean has been reported in this country from Alabama (30), 
Illinois (1, 30), Mar^dand (8), Mississipi)i (8), North Carolina (8), Tennes¬ 
see (30), Virginia (30), and West Virginia (14j. as Avell as from Puerto Rico 
(8), Belgian Congo (24), Bermuda (26), and the West Indies (17). In 
addition, yeast spot has been rejmrted in Oklahoma (13) on soybean and in 
South Africa (15) on kidney, mum*:, sugar, and soybeans and Hauhinin 
(jolpini. Other legumes reported as hosts ijjclnde strijig bean. (26), cowpea 
(17, 24, 29), bird’s eye bean (29), ami Vinuu cntjtnuj, P. itiicfuiculafa, 
Doliclwa lahlah, Canavallkt (jladiaia, i.'rotalarid junvea, C. retdsa, and 
Tfphrosia, Ind'Kjofvra, and Cassia spp. ( 17). Xnnafospara spp, liave been 
reported causing “stigmatomycosis’’ on fruits of a number of other hosts 
(tomato, cottoji, pepper, orange, gra|»efruit. tangerine, pecan, Datara mvid, 
Asrirpias earassaviva, pomegranate, coffee, ISt<'rcalia jAafanifolia, etc.) in 
association Avith several plant bugs. The only record of A. corpli in Cali¬ 
fornia in connection Avith an established ])Iant disease a[)parently is that of 
FaAVcett (6) on citrus, pomegranate, and cotton, although Schneider (19) 
found it on imported tomatoes hei*e. 

SVMCTOAIS 

The type of symptom j)roduced <mi lima bean de])ends on the stage of pod 
and seed development at the time of Lygus fc^eding. If this occurs on blos¬ 
soms or young y>ods they are (piickly shed. J\mIs u]) to 2 inches or more in 
length crmimonly turn yellow, Avither, and dro]); lluNse are referred to by 
groAATrs as “buckski]]s’' and attributcxl to liigh tem]>erature. These syinj)- 
toms resemble those A\hich result from fee<ling of the green stinkbug, as 
illustrated by Cnderhill (25). Shedding may nivolve only a low percentage 
of the total j)ods set if only part of a field is iidesled or the infestation occurs 
tardily, or losses may be scA^ere. In Ventura County in 1944 Auning limas 
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in a 10-acre strij^ adjacent and parallel to a recently cut alfalfa field had, 
because of Ly^iis injury, set ess(‘utially no pods and were not threshed (11). 

At the time of ]>uncture of the j)od a small hole may he visible from 
which sap oozes, and internally the tissue surroundiii!? the puncture soon 
tni'ns brown (20). External symptoms on such pods ai'e lacking. Older 
pods have smooth, firm intumeseeJices up to 10 mm. across and 2 inm. high 
on the inside surfaces (Fig. 1. A); such swellings have been reported from 
feeding of Lygus bugs on cotton stems (12) and boils (.5). These intumes- 



Fio. 1. Lvirus iiiiiirv of Vontiiiu viiiiiijr tvj«c lima bcsiii t).v casing flic 

Inig.s on iilants grown in the grocnlionsii-, 1!I45. A. t’Ofl chow-ing injuries and intiimos- 
c-oncos on inner surface of wali.s, ami a jiitled seed. B. Beans from j.ods on which Lygus 
were caged. (*. T’.oans from ])ods on same |dauts caged without the insiwts. 


ccnccs freipicntly cause distortion by pressure against the develoiung seeds 
and usually are iu contact with pitted areas of a si'Cd. An occasional lack 
of coincidence is not surprising because (a) not all feeding punctures occur 
near seeds nor are all deep enough to reach a seed, and (b) changes iu .spatial 
relationship resulting from enlargement and crowding of seeds may destroy 
the coincidence of seeil and pod punctures. The inside of a badly injured 
pod freiiuentlv has a frosty appearance from surface ]>roliteration of paren- 
chvma cells and the opposite walls of the pod sometimes fuse. As such pods 
mature a brown discoloration and tissue breakdown is visible on the msme 
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and, less de6nite]^^ on tJie outside. Examiuation of many pods has demon¬ 
strated the impossibility of aeeurately deteetinj*: either internal pod intumes- 
eenees or seed pitting' by external appearanee of the pod, except by the 
infrequent incidence of slijrht swellings at the point of feeding. 

Ill young seeds the initial injury ma}" ap]>ear as a water-soaked area 
around a small hole; this soon shrivels to an irregular pit which probably 
enlarges as the seed grows. The seed may not attain normal size or may 
even shrivel, although the rest of the seeds in the pod are normal; other 
factors also cause such shriveling (Tables 1, 2). The pitted areas in full- 



Fia. 2. Ly*;u 8 pitting of field-grown linux bean and eowpon Heed, 1944. A. Ven¬ 
tura vijiiiig type lima bean. li. Blaekoye eouqjea. (\ Baby lima befin. 1). Bordhook 
bush lima. 


size beans vary from a liny, sunken pin point, wliich may or may not rupture 
the testa, to Targe, irregular, crater-like, yellow or brown spots in the coty¬ 
ledon over which tlie testa is destroyed. The tiny jninctiires wit hont necrotic 
tissue ap[>arent*y result from non-toxic feeding. Wliother Lygns bugs vary 
in toxicity, as reported for other toxicogenic insects, is inidetermined. The 
cavity is filled with a brown, graunlar, <*ru3nbly mass of necrotic cells and 
starch grains which is particularly evident before the seed dries. A similar 
necrosis from Lygns feeding has been re])<)rted on potato tubers (21, 22). 
Pits may occur at any point on the lima seed, singly or in sindi nnmbers that 
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(ioalesiipnce results; as many as 52 ])uuptui*es have been eoujited on a single 
seed, llie testa may craek or even flake from dried beans, starling at sneh 
pits. Seed injury is shown in figures 1 and 2 and also in other papers (8, 20, 
25, 29). Sometimes the integuments do jiot grow suffieiently to eover tlie 
uninjured cotyledons. Tliis may represent (a) a gap left, by gi’owth, when 
feeding killed a few cells of tlie very young integuments without injuring 
the cotyledons, or (bj a partial starvation of the integument tissue from 
injury to its vascular system in or neai* the i'uniculus. The sec'ond type 
could result from a feeding i>uncture w’hich, Jiad it o('currcd closer to the 
cejitral vasmdar system ol the lunii'ulus, would cause the starvation or 
abortion of tlie entire seed. 

Since the bugs are unable to feed on ]K)ds or seeds which have l)egun to 
toughen (20), and since feeding will cause shedding of young jmds and 
abortion of young seeds, there is a relatively limited develoi)mental period 
during which lV<‘dijig will produce ])itting of mature seeds. The percentage 
of seeds pitted may not, therefore, be high even in fields sustaining high 
total loss Irom the bugs. Shull (20) reportetl commercial fields of Great 
Northern beans will) uf) to 4.09 per cent ])itted seed and baby limas with up 
to 2.92 per cent. 

Because liygus bugs reach the highest population in mid- to late summer 
(20) the first pods set are relatively Tree of injury, but in cases of heavy 
later iide'station essentially tlie total crop may be lost. Since the maximuni 
damage occiirs in tlie warmest season, th(» shedding of pods and ilot\’ers has 
been referred to as heat damage or, in the case of vining limas, as ^^steaTU- 
ing.’’ 

Micros('oj)ic e.xamination of pitted areas has failed to reveal evidence of 
feeding ti*acks. Tliis is in line with the ahsenee of sheath material reported 
(12) in cotton on which various Miridae, including LijffKs ohlincalus (Say) 
[fj. pr(ftcyisis L.j, had fed. Since the cells adjacent to the puncture usu¬ 
ally are killed and shrunken, the continuity of sheath material would be 
destroyed. 

si:nn imttlnu a kesttj.t of lyufs feeding 

A number of circumstances in Galifornia differ sharply from those of the 
State's reported to Jiave Xtinafos^xna on lima beans. The yeast lias been 
neither demonstrated in nor recovered from pitted lima b(*an seed grown 
here. The vector in the eastern area, the southern green stinkbng (N, 
viridida), apriarently does not occur in the State. Beans are grown during 
the rainless sumimu* montlis, a. circiimstanee which practically eliminates 
seed infections by iiathogciis and Wiiuld make for iiilmiueiit occurrence of 
Ncmaiospora. Apparently these yeasts have only once ((i) been reported 
eausing a field disease in the State. Observations already presented caused 
the writers by August, 1944, to suspect Lygus bugs {L. hesperiis Knight, 
L. elisvs V.D., and perhaps others) as the true cause of the injury in Cali¬ 
fornia and subsecpient work lias confirmed this relationshij). 

Specimens of [litted blackeye cowpeas from Westley, California, large 
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linias from Voiitiira, and baby lima boaiis from Modesto, ^atliered in 15)44 
and submitted to W. E. Shull were fouiid^ to be identieal with those pro- 
dueed by Ly«i:us bujrs in Idaho. The injury has not been observed on com¬ 
mon bean in California. The Kentucky Wonder types of these beans Avith 
thick pod Avails j^roAvn in Ventura, Santa Barbara, and Los AngfeJes counties 
would not be expected to shoAV seed pitting, since Shull (20) found that it 
occurred only on thin-AN ailed varieties. 

A preliminary test with Lygus bugs collected near Oxnard in September, 
1944, and caged on pods of lima beans groAving in tlie field at West Los 
Ajigeles resulted in severe pod shedding after tl^eir feetling. As a conse- 
(juence there Avas no seed pitting. ^ 

Insects collected near Ventura in Sei)temb(‘r, 1945, were confined in cloth 
bags on clusters of floAvers or young pods, and on older pods. The younger 
material Avas shed qui('kly in each case. When tlie older pods Avere examined 
after 7 days they contained t^’pically pitted seed (Fig. 1) and the lesions 
AA'ere free from mieroorganisms. 

TABLE 1.— Incich ncr of sc/ fJ pilling in lima htans grtuni in cloth cages icilh ami 
v'ilhout Lggas bugs, Tnsccls added on .July JJ, t’nilura County, JOfo 


Limn 


Location 

Test 

c(»iiditioii 

Total 

mnuber 

Average 
l)er pod 

Ih‘r ctnit 
shriveled 

Xumix* 

Pitted 

r IhM* ('(Mit 

Oxnard 

L.vgns 

(>88 

1.80 


• 30 

0.2 

(irrigated) 

< 

rm 

L83 

32.4 

0 

0.0 

Soinis 

Lvgus 


1.72 

J3.1 

30 

2.3 

(unirrigated) 

(’iu'ck** 


3.92 

29.2 


0.2 

("amjirillo 

J.(VgU,S 

873 

1.74 

]r>.i 

0 

0.0 

(unirrigatf^d) 

(.'iieck 

819 

1.80 

Lh? 

0 

0.0 


a An uncaged equivnlent area ef an adjacent row had to ]m- uHt'd and accounts for the 
pitted b(*ajis in this series. 

Aster-cloth ('ages Avere placed over 30-foot sections of rows of A’ining type 
lima beans in se\eral Jncalities (if Ventura ('ounty prior to secHlIiiijr eniei-- 
}?enc«>. On July 31, 1945. approximately 200 Lyffus bu};s from alfalla were 
placed ill one cafre in eaeli location and the otlu'r was left as a cheek. The 
capes remained in ]ilaee until the vines were uialure and cut. I’ods were 
harvested and the seed hand thresluHl. The ineidenee of s(‘ed piltinp and 
shriveling in these trials is shown in table 1. In the Oxnard and Soiiiis 
series there were 5.2 and 2.3 jier cent of tiie seeds ))itt(>d in the Lygns cages, 
and 0 and 0.2 per cent in the cheeks. In the Camarillo test no pitthig 
occurred in cither cage, })ossibl.v beeaiise of some unfavorable environmental 
factor, 'fhe shriveling of the seeds in these tests obviously was not associ¬ 
ated with Lygns in.inry, and the ineidenee of these aborted seeds is indicative 
of some iili.vsiological cause of mnch of this type of iii.iury in the field. That 
Jj} gns can produce it occasionally is not doubted. 

2pc‘rso!ijil comi)iuni('jitjoii of May ;U, Jy4ri. 
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Additional data Avere obtained ineideiitally from an experimental plot 
near Oxnard set up by Holland in cooperation with the Division of Entomol- 
Oalitornia A^rieultural Experimeiit Station, Berkeley, to determine 
whether DDT Avoiild control LyjLnis. A 16.8-aere field of bush type lima 
beans Avas observed in early July, 1945, to be badly infested Avith Ia'^us bu^s 
AA'hicli had niiirrated from a lar^e adjacent ])lantinj? ot seed beets. The field 
Avas divided into 3 parts: a 6-aere strip 60 rows wide next to the beets 
(cheek 1), the next 6-acre strip dusted Avith DDT (30 lbs. per acre of 4 per 
cent dust in sulphur) on July 28, the last 4.8.acre strip (cheek 2). On 
October 2, the date the field Avas cut, 100 plants were removed from the center 
roAV ol each plot, 10 conseciitiAc plants beinj? taken without selection from 
each of 10 ecpially spaced points in the row. Data on these plants are j»:iven 
in table 2. 

TABLE 12 .—Ihita on limn In an planis from an area dusted once irifh DDT iu reduce 
Lupus hup injurp, and from Ihr .snrroiuidinp fttd. Ventura County, J94o 


It (‘ins iinvisurcd 

T wo 

ehei'k ]tlots 

J)I>T plot 


— 

-- —- 

_ _ — 

-- _ 

1 > iff er once* 


11 

-Meaini 

11 

Mcana 


(trccji pods per jilaiit 

2(M1 

l.d.“> d.itdi 

IdO 

.*1.01 + 0.40 

1.36 + 0.43 

Dry pods jior plnnt 

L>{IO 

12.48 td.4t^ 

JUO 

10.00 ±0.70 

7.42 ± 0.01 

Totjil seeds jier jdant 

•Joo 

.h'.^d 1.2.0 

100 

61.60 + 2.r);i 

26.40 + 2.84 

Pitted seeds jkm* ]>lan1 


0.4J ±(‘.41 

100 

;i.(M ±0.4.5 

2.37 + 0.61 

Percentage s(n*d uiipitted 

IMIO 

± i.i;-} 

100 

0.“».10 + 0.0.5 

0.20 ± 1.30 

1 Vreentago seed sliriveled 

1.MI 

i*.8d±i.:{7 

10 

10.20 ±0.70 

.5.40 + 1.57 

Seeds per jiod 

Total dry weight jut 1C 

L»(i 

2.o(; ±o.d:; 

10 

2.66 ± 0.04 

d.lo + 0.03*“ 

plants (o/.) 

Brv weiglit per PJ plants 

I’d 

:;j.f.d ±1.71 

10 

40.30+2.20 

.5.70 + 2.83*“ 

without pods (oz. 1 
l)rv weiglit of pods }»er 

I’d 

h;.2d - 

lt» 

12.80 ±0.77 

:;.4(‘±1.20 

ic jilanls [ oz. 1 
'J’hreshing seed yield ]»er 

I'd 

!''.do ±d.‘.n 

10 

27.80 + 1..54 

0.15+ 1.70 

JC pliiJits (oz .) 
Threshing seed yield (»f 

I’d 

14,00 i ojm 

Id 

20.60 ±1.11 

6.00 + 1.30 

pitted seed pi*r J d 
]>laiits (oz. j 

I’d 

l.(>o ± d.2(» 

10 

0.00 ±0.31 

0.73 + 0.37*“ 


» Stniid.-ird error gheu. 

Difforeiu-e between cheek jdulh .Nigiiilie;nil ; remaining differences not significant, 
nifference not sigiiificant; reiuaiiiing diifereiices signifiraiit. 

The only eharactei- shi>\vin<r ;» stillistieally siguifiemit difference between 
tlie two elieek piols was tlie inuidier ol' <rreeu pods per plant. It is, therefore, 
.justifiable to n.se a mean of the two plots for comparison tvith the dusted 
area. There were siftiiifieauti.v more ftreeii pods, dry pods, and total seeds 
jier plant, and a higJier iien eutatre of tinpitted beans from the duisted than 
from the cheek areas. It mifrht be arjrued that tlie {riven population of 
livo-us bujrs had more pods on wliieh to feeil iu the dustetl than iu the cheek 
areas, and that a smaller number of pitted seeds would therefore be expected. 
There was, however, no relationship between the number of pods per plant 
and the number of pitted .seeds, ^ihe rorrelatioii coelhei<*nt for (*heek 1 nas 
0.066 and was 0.074 for elieck 2; the correlation ratio for the dusted plot 
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was 0.111. This lack of correlation ai>parently resulted from the mobility 
of the insect. There was reduction in seed pittiiijr and an increase in pod 
set, each inde]:)endent of the other. There was a higher ]>ercentage of 
shriveled seeds in the dusted than in the cheek plots; this ajrain sufr^^ests that 
Lyjrus bujrs are not primarily responsible for seed shrivelinji*. 

The dusted ])lants were smaller than those from the checks but had a 
greater weijrht of pods, ^ivin^ a total dry plant weight which was approxi¬ 
mately equal. Tlie wei<jht of seeil ]>er 10 plants, cleaned so as to approxi¬ 
mate field thiv.shin^*, was likewise g:i*eater in the dusted than clieck areas; 
tliis api)arcntly resulted mostly from increased p(yl set but somewhat from 
a sli<»:htly lar<»:er number of seeils j)er pod. The fndd-threshed yield was 
20.31 bajxs i)er acre from the checks and 24.0 from the dusted area. A ran¬ 
dom sample of 650-800 beans was jrathered directly from the threshinjjr 
machine as it moved throuj?h each plot. Tliese samples had 22.71 beans per 
ounce in the checks and 24.74 in the dusteil ])lot. A t<*st in another field 
yielded 21.06 and 23.0 ba^s i)er acre from the check and DJIT plots, respec¬ 
tively, and the.se had 29.83 and 30.17 lagans per oiinc<*. The data indieate 
that there was little or no decrease in sce<l weitrht b(‘ean.se of increased 
numbers. 

One hundred j»‘reen pods were ^atliere<l fj'om one row of ('ach plot on 
September 24 and examined carefully for Lyjiiiis dainajre. (3ieck 1, check 2, 
and the dusted plot, respectively, had 84, 85. and 34 ])er cent of tlie pods 
with internal symptoms of liyc’us feediim*. The jiercenta^es of seed jiitted 
were 53.4, 34.4, and 15.6, ajid the av(*rai*e number 4>r s(*eds ptn* pod were 3.11, 
3.23, and 3.52, respectively. The.se data on jrreen pods are e.ssentially in line 
with tliose on the total crop, except that a mm*li hiyhei’ percejita^e of ])ittin<:‘ 
was evident. Since the I^y^nis ])opulalions arc hi^dicst late in the season, it 
seems reasonable tliat late settinjr pods woidtl have more ])ittin^. 

These data may be inter])reted as further evidence tliat hyjrus bn‘*:s cause 
pod and blossom slu'd and seed pittiim-, anil that t'ontrol of the insects will 
reduce the amount of injury. 

( O.NTKOI. 

Since the reduction of Lygus injury is hnwly a matter of iii.sect control, 
detailed methods are outside the scoju* ol* this pai>er. Ilowevei*, it may be 
mentioned that DDT Las been found by >evei*al workers to be highly (Effec¬ 
tive against these ins<Ects on various liosls. Alsi», 6(‘ld evidence suggests that 
the i)lantijig of lima, beajis next to a favored ]>er(‘nnial lujst of tlu^ insect 
(C./ 7 ., alfalfa, seed beets) is likely to lead To lu'avy losses, and should, there¬ 
fore, be avoided. 

Discrssiox 

The seed pitting of lima bean and cowpea in California is due to the 
feeding of Lygus bugs, the toxin secreted apjiarently causing the death of a 
considerable number of cells around the puncture. Because symptoms of 
the Lygus injury in California and Idaho specimens were identical with 
tlu^se of yeast spot of lima bean from Virginia, the difficulty of identification 
of the trouble solely on the basis of symptoms becomes apjiarent. 
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The writers have had no direct experience Avith the y(»ast-spot disease of 
the eastern states and cannot, therefore, evaluate that situation. The pub¬ 
lished rec'ord, however, presents some features which require clarification. 
It seems possible that the pitting attributed to yeast in certain areas may 
iiiA^olve also an effect of insect toxins. Specimens of yeast spot of lima bean 
from Virginia'^ proved to be identical in ap])earance with California samples, 
blit microscopic examination and isolation attempts showed that numerous 
lesions had no Ncmatospora, although it did occur on some seeds. The only 
tests wiiich have been reported (30) on transmission of the yeast to lima 
bean by the southern green stinkbug were made by transferring the insects 
from prcAuously infected bean plants, and no results with uncontaminated 
bugs have been reported. The possibility seems not to have been excluded 
that a toxin introduced by the bugs might have caused damage, sometimes 
augmented by yeast infection. In fact, the reported rapid abscission of 
flowers and pods is suggestive of such a toxin rather than “the green stink- 
bug and the disease that accompanies it,’^ as has beim suggested (25). This 
shedding is not attributed by others to the yeast and it seems probable that 
it r(‘siilts from a toxin introduced by the insect, Avith or without yeast. 
Underhill (25) reported injury to lima bean from the direct feeding of the 
plant bug and inf(*rs that this may induce blossom fall. That blossom and 
pod fall result from Lygus feeding is clearly established (5, 20, 23) and tin* 
injury to lima beans in California is typical. 

S(*veral hivestigators (6, 8, 16, 27, 30, and others) have been unable to 
recover Xenwiaspom from plant bugs supposedly carrying it. A few (7,14, 
15) sncc'ceded in recovering the yeast from the bugs and found that trans¬ 
mission Avas purely mechanical, the insect i)lacing the pathogen in a faA'or- 
abh* substrate. The apparent difficulty of recovering the fungus from the 
insect, and the fact that not all lesions of lima bean, cA’cn in yeast spot 
regions, contain Xenutiospora, suggest that the yeast may be accessory to 
some other factor, perhaps an insect toxin. Because the southern green 
stinkbug is prevalent in both Virginia and West Virginia, but rarely carries 
X( ynaiospora in llic latter State, Leach and Clulo (14) concluded “that the 
association of the disease Avith the stinkbugs is not a constant one, even 
though the disease may de]>eiid \n)on the insect for inoculation.” If no 
pitting occurs in West Virginia in the absence of the yeast, this might con- 
ceiA’ably indicate the absence of toxicogenic strains of the southern green 
stinkbug or other insect, or might indicate the existence of ecological factors 
unfavorable to toxin production by them. 

Inoculations Avith the yeast on uninjured lima bean pods were reported 
to be unsuccessful, but by jnmeturing the seed Avith a fine needle infections 
resulted (29, 30). That the y(*ast is pathogenic to immature lima bean seed 
Ainder these conditions is not (juestioiied. The pitting of lima bean in vari¬ 
ous areas, although similar in symptoms, possibly may result from such 
different agencies as toxicogenic insects and Nematospora. Such a com})lcx 

■* Supplied to W. AV. Mnekio tlirougli the eourtcMy ot* Dr. S. A. AVingjird. 
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is not iin[)re(‘e(lente(l. The kernel spot of pecan was attributed first to tlie 
feeding? of Nezara viridula (4, 30), later to the Nematospora which they 
carried (28), and more recently (18) to injury by the bug: itself. It is not 
implied that Lygrus bugrs are involved in pitting: of lima beans in all areas 
nor that this is the sole insect involved in the injury in California. 

SUMMARY 

Largfc and baby lima beans g:rown in California for dry food, seed, the 
fi*esh market, and freezing: (*omiiionly have a necrotic? pittijig: of the sc‘ed 
which closely resembles the described yeast-spot disease, (^xc.ei)t for the 
absence of any j)athog:en. In one field test 16.10 /er cent of the seed was 
so pitted, with as many as 52 punctures per seed. Similar damag:e occurs on 
blackeye cowpea, but has not bcnm observed on common bean in California. 

Field and {rreenhoiise tests with Lyg:us bugrs [L. hespef'us^ L. clisns, and 
perhaps others) cag:ed on lima, beans have demonstrated that the pits result 
from toxic feeding: of the insects on the developing: fruiting; structures. 
Such Lyg:us injury and yeast sj)ot cannot be disting:uished on the basis of 
symptoms alone. The situation in other reg-ions having: this type of injury 
of lima bean should be reexamined to evaluate the factors {r.fp, insect toxins) 
of the comi)lex. 

The insects also cause, by toxic feeding:, a shedding: of blossoms and of 
pods up to 2 inches long:; this effect usually produces the most important 
loss from the bug:s in (California, amoiuitiiig: in small areas to the total ci*op. 
Keduction of g:rade and the cost of hand sorting: of the beans also result from 
the seed pitting:. There is some shriv eling: of young; seed from Lyg:us feed¬ 
ing:, but other undetermined factors appear to be even more important in 
causijig: this damag:e. Reduction of Lygus i .jiiry by one application of DDT 
dust resulted in sig:nificant increases in number of green and dry pods, num¬ 
ber and weight of beans, and ])tTeentage of unpitted seeds. There was a 
decrease of dry plant weight exclusive of pods, but this was essentially 
balanced by the increascnl dry pod weight. 

Injury lends tv) be worst in fields adjacent to established, perennial, 
favored hosts of the insect, such as seed beets and alfalfa. In some areas 
the insects may be present for a relatively short time on lima beans, injuring 
only a small part of the field and ])art of the pod set; in other areas the bugs 
remain active on the limas throughout nimdi of the season, injuring most 
of the pods in whole fields. 
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BUD, BLOSSOM, AND POD DKOP OF UANN1N(5 STRING BEANS 
REDUCED BY PLANT HORMONES^ 

E. IT. F 1 .SJIKR, A. J. Rtker, and T. C. Allkn 
(A eci^ptod for publication March 7, 194()) 

INTRODUCTION 

A reduction in yield of e«niiin«r strinjr beans in nortliwestern Wisconsin 
iias been experienced in recejit years because of eyy*essive drop of buds, blos¬ 
soms, and small beans. Such losses have been <ii*eater in some years tlian 
in others. 

Two factors have a|>i>eared associated with this blossom drop, ix„ (1) liot, 
dry weather and (2) insects. Tarnished ]>lant biijrs, Lifyus ohiineafus 
(Say), and potato leafhoppers, Empoasca fahut (Harris), were present in 
sufficiently abundant numbers to warrant some control measure. 

Insecticides have been used in the past to control both jdant buj^s and 
leafhoppers. Since Osborn (9) reported tlie use of ])yretlirnm to control 
the potato Icafhopper, tliis insecticide has been used extensively. Recently 
pyrethrum and derris dusts a]>f)eared effective (10) in control of the tar¬ 
nished plant bujr. 

Plant hormones, (‘s])ecially a-naphtlialcne acetic a(‘id, which prevents the 
formation of abscission layers causin*? ])re-harvest drop of apples (5, 6), 
seemed promisin.ir for ])reventinj? <lrop of blossoms and small beaus. No 
reimrts have been found where such substain'cs have been used for counter¬ 
acting insect injury to plants. 

This paper ])rcscnts the results of stmlies with plant hormones (1) to 
jircvent drop of blossoms and small beans caused by insects or by AveatluM* 
and thus (2) to increase the yield of string beans. Preliminary reports 
(1, 2) have appeared earlier, 

.MATERJAbS AND METHODS 

Greenhouse Trials, In the greenhouse, EW'iltle (Round Pod Kidney) 
Bush '\i\’'ax bean seeds Avere germinated in moist sand. When the primary 
leaves had begun to unfold, the vigorous healthy j)lauts Averc transplanted 
individually into 6-iiich pots containing a mixture of 1 part sand to 2 parts 
compost. In some cases the plants Avere used Avhen they had their first tri¬ 
foliate leaves but not their second, AAdiile in others, the plants Avere beginning 
to blossom or were in full blossom Avith .small beans. 

The plant honnones arc designated in tables of )*esults by the folloAviug 
abbreviations. These hormones Avere prepared in dusts containing from 

> Published with the fu»pn)val of the Director of tlio Wisconsin Agricultural Experi- 
Dicnl fetation. 

Grateful acknowledgment is made to Stokely Foods, liic., for sonu* financial support 
unit use of facilities in carrying on these studies. 

The ilgures were prepared by Eugene TTerrliiig. Tlu* statistical analysis was made 
by James 11. Torrie and Virgiiiia Beai. 
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10 to t)40 p.p.m. (parts ])or luilJioii) by niixinjr tlie rlieinically ])iire sub¬ 
stances with Pyrax AB}> 

2B*‘iNB - :i-iu‘unio-5-nitro benzoic acid 
2Cr)NB 2-clii()ro-5-iiitro benzoic acid 
PCdP ])-(*ldoropbcjioxy acetic acid 
DPA ^ 2,4-dicldon)]dienoxy acetic aciil 
DPB = a-(2,4-dic]doropheiioxy)-//-biityj‘ic acid 
lA = invlole-lt-acctic acid 
IB = I i»idole-8)-a-bu1yric acid 
LA Icvnlinh' acid 
NA = a-naphtlialene acetic acid 
BNA = (3-naphtlioxy acetic acid 
ANA = a-iniphthyl acetamide 
PA - j>Jienoxy acetamide 
PAA = plicnoxy acetic* acid 
P - IVrax ABB 
T!B 2Jh5-triiodobenzoic acid 

Tlie various (‘oii(*cjitrati(nis of specific* hormones were made from an 
initially i)re]>arcd stock concentrate. Prom this, desired dilutions were pre- 
parc^d by adding'' Pyrax and further mixing in a ball mill. 

A plant was dusted by placinjr it in a c*ylindrical chamber with a capacity 
of about 82 liters. A ojie-lialf ^ram sample of dust was expelled directly 
downward on the ])lant 1)\' c*,ompressed air, at 18 to 20 pounds' pressure, 
tliroujjrh a dust jrun (3). The i)lant was exposed to the cloud of dust in the 
chamber for 90 seconds. Pyi*ax was used to dust check plants. 

Since* ilJuminatinjr ji’as causes abscission of jdant parts (4), it was em¬ 
ployed in a ])artialiy ’^as-filled c*liamber to induc*e abscission of bean leaves 
and ])elic)l(*s. AVhateve'r may be the relation between j»as and insect feed- 
iii^^, both stimulate the formation of abscission layers. With <ras one can 
easily rej^’ulate the incidence of dropping: of leaves, buds, and pods. Thus 
it provided an easy technicjue for eliminatiii«»: the less promisiiifj: chemicals. 

The illuminatiu}: p:as used had the followdnj^ com])oneuts: illuminauts 
(cdhyleiie, ])ropylene, and othei* hydrocarbon fractions), 8.8; carbon dioxide, 
2.(i; carbon monoxiile, hydrojren, 41.11; methane, 9.2; ethane, 1.0; nitro- 
^ren, »5.0; and oxyjreu, 0.5 i)er cent. 

With jras treatment exi)eriments, individually imtted plants wTre em- 
])]oyed wlien the first trifoliate ](*aves were w^ell developed, but the second 
ones were not. A sej-ies of 6 or 8 ])Iants w^as dusted. Best results were 
obtained when the soil about the plants was kept moderately moist. Exces¬ 
sive moisture or dryness was unfavorable for duplication of results. Water- 
in «7 immediately before the test provided a source of error. 

Fifteen to 20 minutes after the plants liad been dusted, they were placed 

2 pyrax ABB is tlic symbol used to clcsi^rnatc un inert material commtmly employed 
in jirepariiig insecticidal dusts. 
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in a circle inside a donbJe lass-walled temperature (diamber with a capacity 
of about 465 liters and a tem]ieratnre of 84"^ to 86"^ F. A flask was fllled by 
water displacement with about 3.45 liters of illuminatiuf? f»:as, and it was 
<»pened in the middle of the chamber. A small eletdric fan rimniiif? slowly 
circulated the jras and air mixture of about 1:135. This concentration was 
hardly enouj^h to have an odor. 

All plants were removed from the jras clunnber to the jrreenhouse after 
24 to 26 hours. For a week readinjrs were made of the number of abscissions 
of the various jnirts of each j)lant. Seven abscissions were possible in each 
jilant; i.c.y the 2 primary leaf blades, the 2 pcdioles of the indmavy leaves, 
and eacli of the 3 leaflets of tlie first trifoliatv. 

Abscission by insects was induced by <‘aj»ino: adult tarnislied |)lant bu«*:s 
on beau jdants, which either were be^iiiuiuji* to blossom or were in full blos¬ 
som with small beans. Fa^es varied in type, includin<i‘ screen cajies Avith a 
capacity of 425 and 100 liters, respectively, in Avhich were placed dusted, 
potted bean plants infested with insects. Other small screen eylindei-s (20 
by 40 mm.) confined the insects on i)lant parts, such jus blossoms, beaus, and 
portions of stems beariuj»: flower clustei*s. Either cotton or Scotch tape was 
used to enclose the ends. Small paper sacks were also used. 

Field Tests in In the field the problenrof blossom and lieau ilrop 

of caniiinjyf l>eans was studied durin*r the summer of 1942. The experimental 
plots located at Earl and Cumberland, Wisconsin, were plaiiteil to Brittle 
(Round Pod Kidney) Bush Wax beans and Idaho Kefujree Bush Green 
beans, r<*spectivcl 3 '. 

Plots at both locations Avere identi(*al, with sei)arate dust and spi’ay plots 
at each. All treatments Avere placed by chance* in each of 4 ]-ej)Iications. 
One treatment in each rei)licate ccusisicd of four 15-foot roA\’s of beans, 
makiii" a total of 240 feet of roAV. A sinjih* butfer row Avas left betAveen cjich 
unit, and a 2-foot butfer space separated the ends uX units. 

The folloAvin^^ materials Avere eniploye<l iji the dust and spray formulae: 
A <'omniercial i)re])aration (App-L-Set containinjr 16 ^M*ams of a-naphtha- 
lene acetic* acid per pound of talc Avas us(»d in dusts. A commercijil ])repa- 
ration (Parmone) containin*’' 16 urams td' o[-naphthalene acetic acid i)er ])int 
of alcoholic solv<'nt was used iu sprays. I’owdered cube insecticide contjiin- 
in< 4 ’ 4.6 ]>er cent rotenone was employed in dusts and .s])rays. PoAvdered 
pyrethrum insecticide (*ontainiim 2 ])er cent ]>yrethrins was used in dusts 
and sprays. A spreadinjr aj^ent fOrasselli) was used in s])rays. Pyrax ABB 
Avas the diluent for tiie dusts. 

From tjiese materials, the folloAviu^^ Avere i)r(*pared: Dusts—a-naphtha- 
leiic acetic acid, 140 ]).p.m. and 70 p.p.m.; and a-naphthalene a(*etie acid, 140 
j>.p.m., plus ])yrethrins 0.2 per <-em ami 0.5 per cent rotenone. Si)rays— 
j-nai)hthalene acetic acid, 7J p.]>.m., 5 j>.p.m.. and 2i p.i).m.; and a-naphtha- 
leue acetic acid, 5 p.p.m., plus pyrethrins 0.2 ])er cent and 0.5 per cent 
lotenone. 

The dusts Avere applied Avith a Ijand-operated rotary-type duster Avith 
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2 outlets directed upon 1 )*ow. The sx)ra.yer was a Hudson barrel type Avitli 
which a pressure of about 125 i)ounds was maintained. Two nozzles were 
<lirected on a siuj^le row. Dusts were applied at approximately 30 pounds 
per acre, and si)rays were applied at about 100 gallons per acre. 

Two applications of dusts and sprays were made to all the plots of beans. 
The first application to wax beans was made July 17 between 7 and 9 p.m.. 
at which time there Avas no wind. It was very humid, and the temperature 
Avas 85" F. LoAver blossoms on the jdants were Avell opened, and buds on 
up])er stems Avere closed but Avell developed. A heavy rain fell 24 hours 
after application. A secnuid application aaus made July 24 between 7 and 
9 p.m. It was rather humid, there Avas very little wind, and the temperature 
was 72" F. Small beans and Ave 11-developed blossoms Avere on the plants. 
Kain fell 8 hours after application. 

Sin(*e Ilefu»:ee is a lati^r variety, dust and spray applications Avere made 
later in the* season. The first application Avas made July 22 between 11 a.m. 
and ] j).m. It was rather humid, there Avas a lijrht wind, and the tempera¬ 
ture was 70" F. About one-half of the blossoms Avas fully doATloped. Bain 
fell 6 hours after api)li(‘ation. A second application was made July 30 
between 7 and 9 i).ni. Weather conditions Avere the same as for the first 
application. Small beans and well-<leA’eloj>ed blossoms were on the plants. 

Five ]»ickiii}i's of beans were matle from eaidi plot. To attain more uni¬ 
formity in ])i<‘kin^»‘, each of foiii* ])i(‘kers ImrAested one rejilication of each 
treatment and chec-k. Tlie yield from each r(‘pli(*ate was placed in separate 
baj^^s. labeled, wei^died, and ^n*ade<l by a mechanical ^^rader.’^ 

Stinie studies Avere made to determine the (‘.xtent of damajie caused by the 
tarnished plant bu^ and the potato leafhoj)j>er on wax bean plants. Obscr- 
A'atioris were made of injury caused by these insects on ])lants dusted Avith 
a-na])hthalene acetic acid at 70 p.p.m. as comj)ared Avith insect-infested un¬ 
dusted plants. Wire caj»es of about 100 liters space confined the insects on 
the beau ])lants. 

Fhid Tests in P)4d Fiva hormones, Avhich had appeared best in the ^as 
chamber trials, Avere chosen for field tests. Pyrax ABB Avas used as the dis- 
persirifr agent for the hormone dusts. 

Dusts for Avax beans wt*re employed at concentrations of 40, 80, and ItiO 
]).]).m. with ea<'h of 4 hormones, /.r., 3 -nai)hthalene acetic acid, levulinic acid, 
p-chloropheno^y acetic acid, aiul 2,3,5-triiodoben/.oic acid. At 20, 40, and 80 
p.p.m. alone, 2,4-dichloroi)henoxy acetic acid Avas used, and at these same 
concentrations containing 0.2 p<M* cent pyrt'thi’ins and 0.5 per cent rotenone. 
Another dust contained only 0.2 per cent i)yrethriiis and 0.5 per cent rot(‘- 
uone. 

Since a-naphthalene acetic acid did not appear effective on liefugee green 
beans in 1942, it Avas deeideil to try 2,4-dichlurophenoxy a<*etic acid at 2(1 40, 
and 80 ji.p.m. To similar preparations, 0.2 per cent ])yrethrins and 0.5 per 
cent rotenone Avere added. A formula containing only 0.2 per cent pyreth- 
rins and 0.5 per cent rotenone Avas also employed. 

3 Located at the Htokely Panning Factory, C'uinberland, Wisconsin. 
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Sprnvs for whx bonus woro oniployod nt oouoeiitrntions of 40, 80, and 160 
p.p.Tii. of a-naphthaleiio aoetio arid alone, an<l with 0.2 ])er rent ])y]*et]irins 
and 0.5 ])er cent rotenone. 

Wax bean dnst ])lots, one each at Earl and Kiee Lake, Wisconsin, con¬ 
sisted of 72 units with suitable buffers. Eacli unit consisted of 4 rows of 
beans, each row bein^ 17 feet lonjr. Each jdot involved 20 treatments, repli¬ 
cated 3 times, and 12 checks. 

Refujree fireen beans were dusted at Earl in a j>lot having the same 
arraiifrement as the spray i)lots there. 

Wax bean spray plots were located at Earl and Rice Lake, Wisconsin. 

TAPIjI] 1. — Sunimart/ of comlitions U'hrn thc^fiild irroinirnts were made in 104,] 


Vhuv, 

kind of be:ni; 
troatiiioiit, 
dnto 


IVontlior" 

Applications -- 

made I'ciiiptM-a- 

hetwccii Dew Wind tiire 

rajige 


Dean 

]daiit 

developnieiit 


lari, Wis. 

Wax l)eaiis 
Dust plot 
JuIa' 18 

A.M. 

C) : 30- 9: 00 

Ueavv 

1>8 .. 

0; 30- 9: 00 

Tre:nV 

SpraA" plot 



July 19 . 

]0: 00-12:00 

Hea\’v 

,1- 

8: 00-10: 00 

TleavV 

Kefugoo lK‘aiis 
Dust j»lot 
Anff. 1 

9: 00-10: OO 

"Moderate 

8 

() : 00- 8 : 00 

IFejivy 

!i<'C Lake, Wis. 
Wax beans 

Dust ]»lot 
Aug. 1 

(i : 00- 8 : 00 

Il«*:i\y 

7 

0: 00- 8 : 00 

JI(‘:iA A 

S[»raA' ]»lot 
July :50 

10: 00-12: 00 

Xojie 

Aug. 7 

30: 00-12: 00 

Nojie 




Xom* 

00.-80 

]U(»ssonis 


Xoue 

08-80 

First picking iM>inideted 

Light 

82-82 

niossorus 


JJght 

80-SO 

Iteadv for first 

picking 

Light 

84-84 

Dlossoms 


Xoue 

08-70 

lUossonis and 1 

incli Ik'mus 


Xono 

<;8-G8 

Dlossoiiis 

Xtme 

ti8-08 

nio.s.sonis and inch beans 

Light 

82-82 

Blossoms 

Light 

80-80 

J^lossoms and 3-inch benn.s 


" 'J’licre Avas no rain for s<*A’eral days after any treatment. 

They consisted of 48 blocks ecpiivalent in size to those of the dusted plots. 
Each treatment, as well as tlie untreated chec'k, was replicated 6 times. 

Demonstration plots were dusted on July 18 and 28, 1943, at Earl, AVis- 
i'onsin, and on July 20 and 29,1943, at Barron, Wisconsin. A dnst composed 
of of-naphthalene acetic acid at 80 p.p.m. was applied to three 100-foot rows 
of beans.w Parallel to these treated rows were 3 untreated rows of the same 
leij,irth. 

Methods and ecpiipment used in dustin^^ sj)rayinjjr, and r<‘cordinp: yields 
and frrades of the various treated and untreated beans were the same as 
employed in 1942. 

A summary is preseiited in table 1 of the weather conditions at the time 
of the application of the dusts and sprays in the replicated plots. 
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Studies were made of damage to wax beans by the tarnished plant bii^, 
the potato ]earhopi)er, and the six-spotted leaf hopper, Mnvrosielvs divisus 
{ Uhler). Trials were also made to prevent insert dama<ro by dusting plants 
witli a-iiaphthalene aeetie acid at 80 p.p.m. Caffes of about 100 liters 
rapacity were used to retain inserts of a particular specie's (»i the bean idants 
for observations. 

EXPERIMENTAL RESULTS 

Hormimcs Testf d Afjaiast Gits-Iuduct d Xumerous c'xplora- 

tory trials were made with a-naphthalene arctic atdd dusted on wax bean 
plants. Various constant temperatures and (‘onrentrations of illumiiiatin<2r 

TAMLE 2. —tiummartf of evaluations hu oas freahuent of s* mol planf honnt>nes for 
pn veniion of ubscifti<iou lapcr formaiion 


ll(n*jiioncs 

Averaijo abs( iMsioiis*' 

— 

H(»riiioiK*a 
at 2e ]).)).in. 

Ao. 

Pyrax 

So. 

HP A 

(».2 

4.7 

P(MP 

2.7 

e>.2 

J>PJi 

J.5 

a.n 

T.A . . 

2.7 

4.7 

2(r>Nr{ 

J.7 

a.n 

ANA 

♦>«) 

a.o 

1P> 

A}^ 

5.7 

J'A 

4.0 

4.7 

I A . . .. 

n.o 

•>. < 

Tin 

5.7 

»L2 

UNA 

(i.O 

0.5 

2U:l\u 

;l2 

5.0 

J'A A 

5.2 

4.7 


Aljscissiotis with hormones 
r 1'roin <*orjipaved to those 

with Pyrax*> 


J'aiallel KA. 

ITormoucs 

J'aralhd NA 

at lU p.p.m. 

at 20 p.p.m. 

at JO p.]).m. 

A'r). 

per cni t 

Per cent 

0.0 


0 

1.5 

44 

24 

0.0 

50 

0 

0.2 

58 

5 

0.0 

58 

0 

0.0 

75 

0 

0.7 

7H 

15 

0.2 

84 

5 

0.7 

87 

15 

J.5 

02 

24 

4.0 

02 

01 

o.O 

JOS 

0 

0.0 

JIJ 

0 


i* Seven nbseis.sions were jiossible on eaeh plniit. 

Secured from dividing the iiniiiher f»f .-ibscissions with the hormone by those with 


L^as were used. It Avas found that a dust of ot-naj)lithalene acetic acid at 
10 p.]).m. witli Pyrax prevented a <rreat deal of abscission of the beau leaves 
and })etioles after exposure foi* a day at 84"^ to 86° F. in 1 part of jras to 135 
liarts of air. 

(;Omi)arisous of relative effirieury of these liormoues in jireventiiiR: abscis¬ 
sions w’ere based on the. use of IVrax alone, a-uaphtbalenr acetic arid at 10 
l>.p.m., and 2 other liormones at 20 p.i>.m. Each experiment, performed 
tAvice, employed 8 ])lants, 2 for each of the 4 dusts to be used. 

When the number of abscissions Avas recorded, notes Avere taken also of 
epinasty that dcA^eloped in JeaA’es and leaflets. Oeeasionally epinasty Avas 
()nl.v temporary. However, it Avas pronounced in those rases Avhere abscis¬ 
sion follow'od. Fi^Mirc 1, A, shows sin-rrssive staji^es of ef)iiiasty folloAved by 
abscdssioii of the primary leaA’cs. 

The data presented in table 2. Avbere both trials are aA^erafred, indicate 




f illm.iiii!.tin« gas, al|.bii-iii.,.l.tJ.a]fnc‘ acetic acid, and insects an 
k*tocj na\ beans. A. Successive staKcs in lent drop induced 1)1' illuminating gas. 11. 
Lett, iiiitroati‘(l Center anil rifrht, syinpioiiis reHeniblinfr mosaic induced by the 

wX*"® 'j du.st form at 040 p.p.m. <’. heft, Li/r/im oblinralus has damaged untreated 
induced blossom drop Right, blossom drop was jirovented with the hor¬ 
mone at 80 p.p.m. P. L. o61t/icu(j(.v feeding on pedicels. Approximately x 2. 
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at 20, 160, and 640 Altiion^h <lata presented in table 2 show triiodo- 

benzoie aeid to be poor, it seemed worth testiiijr at liijrlier eoneontrations, 
because it wiis not a finely divided crystalline material, and tlins may not 
have been mixed well at a low commentratioji. 

Three experiments were made to comi>are the 5 liormones at the 3 sp(‘eific 
concentrations desi^nat<‘d. In each experiment tliere were 6 plants, 5 foi* 
comparison of hormones at one concentration, and 1 Pyrax check. Six repli¬ 
cations of each experiment were made, and a chan*re in position of the vari¬ 
ous treatments within the chamlxT was made for each successive rej^lieation. 
No evidence, however, ijidieated that sueli chanjre in position was necessary. 

Table 3 shows a comjiarison of the abscissioi^prevention (pialities of hor¬ 
mones at 640 p.p.m. Similar tables could be shown for the other 2 experi¬ 
ments, with the hormones at 160 p.p.m. and 20 i).p.m., but the data of all 
three are expressed graphically in figure 2. A, H. and i\ which show the 
average number of abscdssable jiarts retained by tli(‘ plants. In the hormone 
comparisons at 160 i).]).m., the M.S.D. (minimum significant difference) at 
the 5 per cent level was 1.35 (mean), and 1.84 (mean) at I he 1 ])er cent level. 
In the 20 ji.p.m. comparisons, tlie M.S.J). was 1.33 (inean) at the 5 per cent 
level, and 1.82 (mean) at the 1 ]»er cent level. All 5 hormones gave signifi¬ 
cant results at the 5 jier cent level when used at concentrations of 640 and 
160 p.p.m. At 20 p.]).m., only levulinic acid re.sults were not considered 
significant. Most significant results Avere obtained witfi ot-naphthalcne acetic, 
acid and 2,4-dichJoroiihenoxy a(*etic acid. 

To obtain information as to the effectiveness of a-naj>h.thalene eceti(t acid 
at several strengths in dust form, concentrations of 10, 20, 40, 80, 160, 320, 
and 640 p.p.m. were tested. Each of 7 bean plants was dusted with a differ¬ 
ent concentration of the hormone, ami -ujother i)lant Avas dusted Avith Pyrax 
to serA^e as a check. This grou]> of 8 jdants Avas subjected to gas in the 
chamber. The procedure aa'us replicated 8 times, and a chaiige in position 
of the various treatments Avitiiin the chamber Avas juade for each successive* 
replication. 

Figure 2. D, Avhich ijidicates the average juimber of abscisable i)arts 
retained by plants, shows the ability of scAcral a-naphthahme acetic acid 
concentrations to prevent abscission. 

During the preceding experiments, it was observed that the higher con¬ 
centrations of ot"na})hthalene acetic* aci<l and 2,4-dichloroplienoxy acetic acid 
caused virus-like symptoms of vein-clearing, distortion, and dAvarfing of 
bean plant leaflets. Since these observations Avere of i)lants Avliich liad been 
placed in the gas ^4iamb<*r, tests AAere made to ])roduce such symptoms, if 
possible, OJi hormone-dusted plants permitted to groAV in the greenhouse 
Avithout being subjected to the gas chamber. 

Each ef 16 aaux bean i)lants containing a. single trifoliate Avas dusted Avith 
a -l-gram sample of dust. Two plants received either a-naphthalene acetic 
acid at 10, 20, 40, 80, 160, 320, 640 p.p.m. or Pyrax. After treatment these 
plants were permitted to groAv until all had trifoliates, at Avhich stage obser¬ 
vations Avere made for possible damage. 
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Plants dusted with a-naplithaleiie acetic acid at 640 p.p.iri. showed veiii- 
clearin**:, distortion, dwarfiiijr, and a darker ^reen color of the leaflets of the 
third to seventh, inclusive, trifoliates on 1 plant and third to eij»:hth, inclu¬ 
sive, on the other (Fi". 1, B). The plants dusted with the 320 p.p.in. concen¬ 
tration were similarly, thoujirh sli«:htly less, affected on the third to fifth, 
inclusive, trifoliates on 1 plant and fourtli to eijrhtJi, inclusive, on the other. 
The 160 i).]).iTi. concejitration i)roduced a sli<rht tendency toward these symp¬ 
toms in the third to sixth, inclusive, trifoliates. The other concentrations 
of the hormone and Pyrax uid not cause these symptoms. 

Parallel expei*iments A\ith 2,4-dichlorophenoxy acetic acid produced 
symptoms similar to those obtained with a-naphthalene acetic acid when the 
former was used at 640 and 320 ]>.]>.m., but the 160 i).p.m. concentration did 
not i)i*oduce the symptoms. 

TABLE a. —Comimrlsnn of ahsrissitm-prrrrnUifn (jttalities of five hormones at 0fO 
p.p.m. 





bseissioiis 



Replicates 


NA 

LA 

DPA 

1»01P 

TIB 


r 

040 

640 

640 

640 

640 

1 


0 

3 

0 

2 

6 

o 

4 

2 

1 

0 

d 

4 

n 

a 

0 

4 

0 

0 

.5 

4 

4 

0 

0 

0 

0 

2 

n 

() 

(» 

4 

0 

0 

1 

(i 

7 

0 

4 

0 

0 

2 

Total 

31 

J 

10 

0 

«> 

20 

A verji^esi 

0.17 

o.3:j 

2.07 

0.0 

0.33 

3.33 

M.S.l). at o 

per cent level- 

— l.r»o (laeam 

; at 1 per ( 

It'vel- 

-—2.05 (mean) 



Symptoms similar to those ])roduced on Avax beans occurred on Hender¬ 
son Bush Lima beans wheji they were dusted Avith a-naphthalene acetic acid 
at the same (concentrations. Ea(4i plant had dcATloped 2 trifoliate leaA'es at 
the time of dustin^i;. The 640 j).i).m. hormcne dust produced the symptoms 
on the succeedin^^ 5 trifoliates of 1 ]>lant, and on 6 of another. Slif?htly less 
evident Avere these symptoms on tlie siicceeiliii^ 2 and 3 trifoliates of 2 plants 
dusted with the 320 p.p.m. com-ejitration. 

The tests sIioav tliat these symptoms inoAC nj)Avard into the de\'elopinji: 
trifoliates. These virus-like symptoms AA'ere similar to those reported by 
Zimmerman and IIit(*hco(‘k (11), ami doubtless Avere caused by the hormone 
and not by a virus. Limited trials on vii*us transmission Avere nejxati\"e. In 
all of the experimental work carried out, no bean plants Avere employed 
Avhich developed mosaic. Scarcely any of the plants j>:rown for testin^r 
shoAved mosaic sym])toms and in these occasional appearances none resembled 
the hormone effects. 

Irisrct-induced Abscissions Prevented hii Hormones. Duriu" the first 
Aveek of July, 1942, a survey of canniufr bean i)lantino:s w as made in Barron, 
Burnett, Polk, Busk, SaAvyer, and Waslibiirn C\)unties of AYisconsin to deter- 
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mine tlie iiiseet sj)ecies most «lnintlaiit on string beans. Species most notice¬ 
able were: i)otato leafliopper, Empoasctt /abac (Harris)—six-spotted leaf- 
hopper, Macrosteles divisut: (Thler)—tarnished plant biigr, Lygvs oblincatus 
(Say)—rapid plant bufr, AdrJphovoris rapidus (Say)—alfalfa plant hug;, 
Adelphocoris 1 incola fits (Goeze)—^]>otato flea beetle, Epitrix cuciinicris 

TAliLE 4.— Fi('hl and fjrrmhuusc trials with ftrdinff hif insects on entire plants i)t. 
full Ijlftom, and hormone Ireatments in rtlaiion to htans produced 


Insect 

Kate 

s 

Popu¬ 

lation 


Plants 

Concen¬ 

tration 

Total 

beans 

Species 

± ee(i'n^>:» 
tii*?e 


NA 

produced 

.. 

Xo. 

Halts 

Xo. 

P.p.m. 

No. 

Field irials 

Julv 15, ’42 LIff/us ohlimaius 

12 

37 


O 

70 

0 

do 

12 

37 


1 

0 


Fuipoasca fa bar 

30 

37 


1 

70 

32 

do 

3(» 

nr 


1 

0 

32 

Xoiio 

0 




0 

15 

diilv 12, ’43 L. ohlineaius 

IS 

25 


> 

HO 

30 

do 

IS 

25 


{ 

80 

<0 

do 

IS 

25 


] 

0 

8 

F. fahae 

4(« 

25 


> 

80 

12 

do 

40 

25 



80 

13 

do 

40 

25 


i 

0 

13 

Macrosteles di risus 

4n 

25 


\ 

80 

10 

do 

40 

25 


i 

80 

10 

do 

40 

25 


) 

0 

10 

Xoiie 

0 



; 

0 

14 

do 

0 



0 

17 

Greenhouse trials 

May 5, ’43 L. (thUneaf 



3 

30 

8 

do 

('' 

) 1’5 



0 

0 

Xone 

1) 




0 

11 

Xov. 3d, ’43 A. obi meat us 

'r.o 

\ 20 


> 

80 

4 

do 

/ 20 



0 

1 

Xoiu! 

0 



> 

0 

1 1 

Oct. 11, ’44 h, obti nf at u s* 


4 

4 

80 

12 

do 


/ 4 


4 

0 

10 

do 

/ 5*; 

1 4 

1 

80 

10 

do 


/ 4 


1 

0 

i 

Xone 

0 


4 

0 

20 

Nov. IS, ’44 L. obli)uatus 


\ - 


> 

IGO 

4 

do 

/ - 



0 

4 

Xov\ 23, ’44 2.. obliut at us 

1 A- 

1 H 


1 

80 

- 

do 

r’ 

\ ^ 


* 

0 

4 

a Insects could fecfl oi; llie entire fu 

rial parts of the 

]dants. 
'rh(‘ hr; 




The 17 insects were free to feed on nil 

0 plants. 

K'kets 

indicate 

a. similar 

situation in other trials. 


(Harris)—^stripwl flea beetle. Si/shiui fai niafa (.Sa.v)—si)iiiaeli flea beetle, 
Disoni/ehn xaiifhomclfiniti (Dalinai»)~Nj>oite(l eiieniiiber beetle, Dkibroiica 

ch(odeci,vpiittrfnfn (F.)—striped cneiiiuber beetle, Diabroficn viltatn (F.)_ 

beau leaf beetle. Ccraioum h ifiiirnfa (Foust.)—bean aifliitl, Aphis rimicis 
L,—leafbopper. Pohinmia iuiniiciis (Say). 

The first 5 species were the most pret aleiit. TJiey feed by sue.kin" plant 
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jiu(‘es, ami the damage is usually not uotieeable until eoiisiderable injury 
has been a(M*omplished. The feeding of some plant bugs (Miridae) has been 
assoeiated i)artieuJarly with the blasting of blossoms. Such insects, espe- 
(‘ially the tarnished plant bug, rapi<l plant bug, and alfalfa plant bug, were 
usually found feeding on or near the blossoms and small beans (Fig. 1, D). 
The effect of such feeding appears in figure 1, 0, where the plant at the left 
has lost buds and blossoms and has small and more or less distorted leaves 
in conij)arison with the horiuone-ilust<‘d ])lanl at the rigid. 

To ascertain injury to wax bean j)lants caused by the .‘5 most abundant 
insects inhabiting the bean foliage in the field, viz., potato leaf hopper, six- 

s] )otted leafhojiper, and tarnished ])laut bug, these insects were collected 
according to species and caged on healtliy plants in the field and greenhouse. 
Incorporated in the trials were plants dusted with a-naphthalcne acetic acid. 
S])ecifi(i insects were caged also on these j)lants to determine if the hormone 
might control insect damage. Wire cages with a cai)acity of 100 liters were 
used in the field; and in tlie greenhouse, wire cages with a capacity of 425 
liters. 

Table 4 presents tiie data secured from field and greenhouse trials relat¬ 
ing to 1 edu(*ed bean 3 dekls caused bv some insects and the ))revention of some 
of the damag<‘ by hormone dust treatments of the plants. Veiw few of the 
insects were alive at tin* end of the longer feeding periods. 

These insect studies on entire plants indicated that Mavvitsldt .h divisuH 
had no detrimental effect, that Empoa.'iva fahav had some aside from hopper- 
biiJMi, and that Lffifus ohlhuatus had considerable. This effect of L. ohlinc- 
ntus appeared (Fig. 1, C) on the leaflets as reduction in size, wrinkling, and 
mottling. It a])j)eared on the fruiting parts either as bud, blossom, or pod 
drop, oi- as malformation of ]>ods retained, with resulting reduction in ^deld. 
Some of this damage was reduced bv dusting the beau plants with 3 -naphtha- 
leiie aeetie acid. 

To determine results of insect feeding iu loealized areas of the plants, 
small numbers of tarnished phnit bugs were caged on wax beau blossom 
clusters by iiieaiis of a small ])a]>er bag, or Avere eaged on a stem from 1 to 2 
iHellos below the basal attaehments of blossom jiedieels. At 24 to 48 hours 
preeeding the plaeeineiit of insects, some of the beau ])lauts were dusted with 
a-naj)htlialeiie aeetie aeid and the others with P\'rax. After varving lengths 

t) f time, the iuseets were remewed, and the ultimate produetion of mature 
beans was recorded. lb*ferenee is maile to these trials in table 5. 

The feeding of the tarnished plant hugs on wax bean blossoms will cause 
the blossoms and small beans to blast, thus a reduced yield of beans. This 
ins(*ct may also cause blossom and small bean blasting, and a resultant 
reduced yield by feeding on that part of a. stem between 1 and 2 inches beloAV 
the basal attacliinent of pedicels bearing blossoms. Bean plants were dusted 
with a-naphthaleno acetic acid before these insects were allowed to feed, and 
the rednetion in yield was not so great as with those untreated. Beans from 
niJtroated ])lants were more ajd to be malformed and small. 
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TABLE o.— (irernhouse trials with fe*'tln\<t bt/ a population of three Lygus oblint- 
atus on flower parts, and hormone treatmenls in relation to beans produced 


Dnte, 

Eeodinfjr 

Bruii 

thints 

Conrentra- 

Beans 

J944 

time 

Blossoms 

I'lniits 

tion NA 

l)Vodueed 


Tfrs. 

.Vo. 

No. 

P.p.m. 

No, 

Insects fevdina 

m blossoms'^ 





No\, 16 . 

27 

6 

o 

160 

o 


27 

t) 

i» 

0 

1 

Xov. 16 

7r» 

p 

3 

80 

3 


73 

VI 

3 

0 

o 

Nov. 23 

120 

v» 

rf 3 

80 

3 


120 

p 

• 3 

0 

O 

Insects feed in a 

nn sit nis^> 





Nov. 20 

144 

6 

*■» 

80 

3 


144 

6 

O 

0 

1 

Nov. 24 

96 

p 

3 

80 

4 


96 

p 

'> 

0 

o 

Nov. 2o 

120 

p 

o 

8(» 



120 

p 

3 

0 

1 


“ Entire blossom c'lnstcr (‘ontaiuiiig 3 ])lossoins. 
h Stem supporting 3 pedicels, each liearinjr 1 blossom. 


Bean Yields Increased in 1912 hi/ Honnones. Yields of beans following* 
appHeation of a-naiditlialene aeetic arid dost at 140 p.p.ni. in 1942 (see 1 
ami 2) are shown in detail in table 6 as an exam])le of the j)roeednre. The 
treated plants had an inrrease in yields of 18.4 ])er (*ent over the untreated. 
This fitrure is tiesir’nated as 18 in suniinary table 7, where tJie results api>ear 
from different ('oiireutrations and roinbinations, from two varieties, and 
from two methods of apjdieation. Ai>plit'alions to Round Pod Kidney Wax 
Beans of a-naphthalejie aretir avid ci.-^ a ilust at either 70 or at 140 ji.p.m. with 

'IWBLE i).--‘■Yields of n'a.r. btaHsfrohi i » fir* .'^t tifatire honnout-tn atrd and nntrtattd 
bloch's at Earl, ll'isrtaisiu, in VJfJ 


Troatmrnt iiml 


A irld in 

rrplirates 


Totnl 

])ii <latr 

1 


3 

4 

yirlds 


0-. 

(i:. 

fiz. 

Oz. 

Or. 

Dust treat Hunt —AJ Yio p.p.m. 






July 31 

ion 

12s 

112 

140 

480 

Aiifj. 6 

His 

176 

164 

196 

704 

Aug. 11 

64 

36 

44 

64 

228 

Aug, 17 

')4 

18 

48 

40 

200 

Aug. 21 

21 

12 

12 

12 

60 

Total 

42n 

420 

380 

432 

1672« 

No treatment {ctmtrol.i;) 






July 31 

92 

S.S 

84 

68 

332 

Aug. 6 

124 

176 

168 

144 

612 

Aug. 11 

64 

32 

32 

40 

208 

Aug. 17 

36 

32 

40 

32 

200 

Aug. 21 

20 

16 

12 

12 

60 

Total , . 

356 

3S4 

336 

316 

1412 


18 ]>er rent im-rensr over untrratrd. 
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insecticides, respectively, j^ave increased yields of 17.8 and 15.6 per cent, 
wliich appear as 18 and 16 per cent in table 7. The addition of pyrethrum 
and cube to the hormone dust at strengths employed did not significantly 
influence the yield, probably because they did not adecjuately control insects. 
None of the sprays was significantly beneficial, and some were harmful, 
possibly because the for(*e of the spray knocked oif some blossoms, and be¬ 
cause the hormone was not present in a suitable form. Murneek, Wittwer, 
and Hemphill (8) have reported beneficial as well as detrimental results 
from spraying snap beans with hormones. As exiilained earlier, the strength 
of the treatments was rapidly reduced in every case by rains that came some 
hours after the treatment. 

It is possible that a-naphthalene acetic acid maj’' bo specific for various 
bean varieties, similar to its varietal specificity in preventing pre-harvest 

TABLE 7 .—Total yields of beans expressed in percentage increase or decrease over 
clieclc from the dvst and spray plots of Wax and Eefugec beans 


TroaLinents 


l*ercentage increase or decrease 
over check* 



W'ax beans 

Refugee beans 

Busts 

(NA 140 p.^i.m.) . 

+ 18 

+ 8 

(NA 70 p.p.m.) 

+ 18 

+ 9 

(NA 140 p.p.m., jjyrothrins 0.2 per 
cent-f’rotenoiic 0.5 per cent) 

+ 16 

+ 3 

Sprays 

(NA 7j p.p.ni.) . 

+ 3 

- 4 

(NA 5 p.p.m.) .... 

+ 4 

-11 

(NA 2i j>.p.m.) 

+ 1 

+ 7 

(NA 5 p.p.m., pyrethrills 0.2 per 

cent + rotenone U.5 per cent) 

+ 8 

0 


•Untreated controls in Wax bean dust plots yielded 4805 pounds per acre, in Wax 
spray plots 5064 pounds, in Uefiij^co dust plots 8737 pounds, and in Refugee spray plots 
8465 pounds. 

apxde dro]) as reported by Hitchcock and Zimmerman (7). This may ac¬ 
count for the smal? increase in yields of hormone-dusted Refugee beans. At 
the same time these beans are later and may not be subject either to the 
insects or hot weather that favor blossom drop. 

These data did not show whether the increased yield in hormone-dusted 
plots was due to production of more beans or of larger beans. Consequently, 
in every case a sample of 100 ounces of beans from each replication of each 
treatment and from each check after each picking was passed through the 
canning factory mechanical grader. Records were kept of Grade A and 
Grade B beans, the former being the smaller, higher-grade beans. 

The average percentage of Grade A beans w^as 51 for the check and 54, 
55, and 55 for the respective dust treatments, which employed the hormone 
and which averaged about a 17 per cent greater yield than the check. Appar¬ 
ently a larger number of small beans occurred in the hormone-treated pick- 
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in^s than in the untreated. It seems clear that the 17 per cent increased 
yield was due to more beans, rather than to larger beans. As is generally 
true with many plants, the more units of fruit there are produced, the smaller 
are the fruits. Smaller b(^ans bring higher prices for canning. Since in¬ 
creased yields came from more beans of smaller size in comparison with the 
check, it follows that the treated plants retaine<l more blossoms and beans 
than those untreated. 

Bean Yields Increased in 1943 hy Hormones. Due to the favorable re¬ 
sults obtained with a-Jiaphthaleno acetic acid used as dust in 1942, labora¬ 
tory, as well as field, trials were made in 1943. Employing the information 
gained from testing abscission“j)rcventing substaiicei/ under laboratory con¬ 
ditions with illuminating gas, it was j)ossible to ai*J*ive at concentrations of 

TAliLE 8.— Yivlds^ in oiinccs of Wax hcans from o.-naphthalene acetic acid dust plot 
at Earl, Wisconsin, in 1V43 


Ucaiis from plants treated with a-naplitbaleiie acot'u* arid dust at 


40 p.p.ni. 80 p.p.in. 

Picking date • - -- - --— 



R(»plicatt*8 



Tleplicatt*8 


1 

<> 

3 

Total 

1 

o 

3 

Total 


Or. 


Oz. 

Oz. 

Oz. 

Oz. 

Os. 

Os. 

July 27 

34 

23 

39 

96 

31 

32 

30 

93 

Aur. 1 . 

96 

108 

116 

320 

113 

86 

116 

315 

Aug. 5 

. 40 

41 

77 

158 

78 

81 

63 

222 

Aug. 9 . 

. ... 44 

57 

77 

178 

44 

57 

. 84 

185 

Aug. 14 .. 

. 25 

17 

81 

123 

25 

29 

69 

123 

Aug. 25 . 

. 49 

31 

60 

140 

33 

46 

34 

113 

Sept. 9 

. . 127 

117 

80 

324 

57 

70 

24 

151 

Total . . . 

. 415 

394 

530 

1339 

38] 

401 

420 

1202 

a Total yield of uutronted bojnis 

w;is 

1073 ounces. 

With the horiiioue at 

40 p.p.m., 


there was a rhaiige of +24 per cent, and at 80 p.p.m., +12 per cent, which fiiyures appear 
with the results at Earl in table 9. 

partieiilar plant liormones most (losirable for nso in field trials. Because of 
the lai'ftcr number of materials and concentrations <'iiiploye<l, there were onlv 
3 replications in the J943 field plots. 

Yields in ounces of beans picked from the various replicated experimental 
plots were recorded as before. A part of the detaileci data secured is pre- 
seuted in table 8 as an c-\amp](‘. 

Duriiiji this .season various diffienMies appeared for accurate record 
takin}?. The larjrer size of tlie jilots and clianpin" personnel made it im])ossi- 
ble to have one picker take an entire replication as in the previous year. 
This accounts for at least a lai-fre part of the increased variability of results 
over those secni'cd the jirevioiis year. 

The results of tlie.se 1943 trials appear in summary form in table 9. An 
analysis of variance on the data Indicated no sigrnificance at the 5 per cent 
point in the plot at Bice Lake. However, there was significance in results 
at Earl, .and also in results from these 2 plots when taken toRether, for the 
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beneficial effect of a-naplithaleiie acetic acid at 40 p.p.m. and at 80 p.p.m. 
The detrimental effect of this acid at 160 p.p.m. in dust and at all concentra¬ 
tions in si)rays was apparent. None of the other substances appeared par¬ 
ticularly ffood or bad. 

The poor showinjr from the sprays was caused in part bj’' the mechanical 
dfimaf'e from the hifrh pressure (125 lb.) which knocked off many blossoms 
and small beans. This is ajiparent since the yields from beans spraj'cd with 

TABLE 9.— Su,7nmar)f of pcrcintagc invrcase (H ) or dccreane (-) in yields produced 
by Wax beans treated with hormon(s iu ID 13 



Amount of 

Results with wax 

Substaiiecs used 

bonnonc 

beans at 


used 

Earl® 

Rice Lake* 


r.p.m. 

Per rent 

Per cent 

Dusts 




a-N.'iplitbalpiic ncptie acid 

40 

+ 24 

+ 14 

do 

SO 

4 12 

+ 8 

do 

360 

-37 

- 1 

2,4-Dicliloroj)honoxT apotip :ipid (No. 1) 

20 

- 5 

- 6 

do 

40 

-13 

+ 8 

do 

80 

+ 2 

+ 3 

2,4-T)iphloroidicnoxv apotip acid (No. 1) -f-pyrctli- 
rius 0.2 per cent + rott‘iionc 0.5 ]»cr cent 




20 

-10 

- 1 

do 

40 

- 4 

- 3 

do 

80 

4 3 

- 5 

2,4-l)icbloro])bi‘no\v apetic, acid (No. 2) 

40 

-11 

4 9 

2,3,5-Triiodobenzoic acid 

40 

- 9 

i 33 

do 

80 

+ 10 

-10 

d(.) 

3 60 

- 1 

4- 4 

p-CblorophonoxT aptdic acid 

40 

- 5 

0 

do 

80 

+ 3 

- 3 

do 

360 

+ 7 

-10 

LpvuHiiic acid .... 

40 

+ 6 

- 4 

do 

SO 

1 3 

4 4 

do 

160 

-10 

+ 1 

I’.yreUiriiis 0.2 per pent } rideiionr 0.5 pent 

0 

+ 3 

0 

Untreated ponirols 

0 

0 

0 

Sprays 




a-Naphtbaloue acetic acid 

40 

-27 

-23 

do 

SO 

-35 

-42 

do 

360 

-62 

-60 

Pyretbriiis 0.2 ])er pent +rot('iione 0.5 prr pent 

0 

-29 

-14 

»Untreated controls in dust jdot yielded 3540 pounds per 
pounds per acre at Uiee Lake. 

acre at Earl and 5185 


pyretlirinii and (Mibr, as \vell as tliosc from beans sprayed witli a'liaphtlialenc 
acetie aeid, 'vvere sijrnifieantly loss than from njisjirayed beans. As the eon- 
centration of a-nai)lithalene aeelie acid in s})rays was increased, the yield 
of beans was decreased. Leaflets of i)lanls sprayed with a-naphthaleiie acetic 
acid also showed the appearamte of crinkle, enrl, and mosaic and thus resem¬ 
bled virus symptoms. 

The difference in results secured with ot-naphthalene acetic acid at 160 
p.p.m. in 1943 and at 140 p.p.m. in 1942 is not particularly surprising. The 
actual situation was that in every case in 1942 a rain followed the treatment 
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by some hours, which doubtless either g:reatly reduced the effective concen¬ 
tration on the plants or prevented it from actinp: lonj? enough to be very 
damaging. 

The results iji demonstration trials, described earlier, appear in table 10 
which lists tlie yields of the Rouml Pod Kidney Wax Bean plot at Earl, and 
the No. 2 Sensation Wax Bean plot at Barron, Wisconsin. Since these trials 
were not replicated, results are not of too much significance excej)t to com¬ 
pare with the results from replicated ])lols. Th(*re was an increased yield 
of 15 per cent from the treated ])lants over untreated at Earl, and a 26 per 
cent increase at Barron. 

As in 1942, grade j*ecoi-ds were kept of the 194if yields from tlie specific 
treatments and checks. The average i)ercentagc of Grade A wax Ix'ans from 
the Earl dust i)loi was 68, 71, 67, and 70 for the NA 40, 80, and 160 p.p.m. 
treatments and the check, respectively; the Rice Lake Grade A percentages 

TAHLE li}.— yh'hls of hvans from (Ivownatraiional plots in lOiS 


Location 

Treatment 

V 

ields from pickings 

Total 

Yield 

near 


1 

O 

3 

4 

3 ’ields 

increase 



Oz. 

Oz. 

Oz. 

Oz. 

Oz. 

Per cent 

Earl 

NA dust 80 p.p.m. 

272 

472 

240 


\m 

15 


None 

224 

436 

216 


854 


Barron 

NA dust 80 p.p.m. 

336 

730 

512 

112 

1606 

26 


None 

288 

640 

336 

80 

1344 



were 84, 81, 83, and 85 in the respective cases. The slight ditfercnces in per¬ 
centage of Grade A beans arc not significant, tiuis one can orily conclude that 
the sieve size of beans from the various ?-nai)hthalcne acetic acid-treated 
blocks was about the same as from check blocks, and that increases in yields 
of from 8 to 24 per cent must be due to ])roduction of more beans rather than 
larger beans. 

mscrssioN 

The falling of buds, blossoms, and small pods has been a scj-ious problem 
for some time, not only with beans, but with various other plants. The con¬ 
spicuous success in the prevention of fall of aj)])les (5) is w<41 known and 
has pointed the way for continuing studies with oilier crops. 

8o far as the writers are aware, this paper presents the first evidence that 
certain kinds of damage from insects can be couni eracted by liormones. 

Among the difficulties with these lines of work have been (1) the limited 
season during which blossom drop or related phenomena could be studied 
out-of-doors and (2) the variability in seasons, which has liandicapped 
quantitative duplication of results. Both have inhibited rapid progress in 
this important field. 

To overcome these difficulties, we have induced the formation of abscis¬ 
sion layers rapidly and at will by treatments with illuminating gas. This 
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tecliiiique was used for the first time, as far as we are aware, in onr screening 
tests with various chemicals.* It seems to have applications considerably 
broader than those employed here. However, we do not imply that the for¬ 
mation of abscission layers under the influence f 1) of high temperatures and 
long days, (2) of attacks by certain insects, and (8) of illuminating gas, not 
to mention natural maturity, are all necessarily identical processes. Never¬ 
theless, the prevention of abscission layers, formed in association with these 
several influences by a-na]ihthalene acetic acid, suggests that these processes 
are at least closely related. 

Many comparable pj'oblems, such as failure of pod set with lima beans 
and alfalfa, might be approached with technicjue similar to that used here. 
With experiments to i*ep(d or to kill certain injurious insects, one might 
include also materials that would counteract their damaging effect. It might 
even be pertinent to inquire whether tlie beneficial effects with apples came 
entirely from the })reveiition of abscission layers associated with natural 
maturity or whether insects might also be helping to hasten the abscission. 

The reason for the effectiveness of dusts and the poor results with sprays 
is rather obscure. Part of the trouble with the sprays came from the (*xees- 
sive pressure employed, which meclianically knocked off some blossoms. In 
addition, it appears that the hormone came into more intimate contact with 
the plant, all at ojice, and then the effect was over soon. Possibly the dust 
luus the advantage of a less vigorous reaction at the time of application and 
of a longer duration of the effective treatment. Much more hormone can be 
used ill dusts than in s])rays. Tiiis is fortunate since dusting equipment is 
more practical for treating this cro]). 

The advantage is apjiareiit of having a high percentage of the blossoms 
set on a single stem. For example, a large number of beans will compete 
against one another and will ]>i*obably all be in the smaller, high quality, 
Grade A class. If a smaller number of beans set, they will grow more rapidly 
between pickings and may easily reach a larger, less desirable, Grade B size. 

The strengtii of application is obviously critical. When the a-naphtha- 
lene acetic acid was used at 140 ]).p.m., followed by a rain, it was valuable, 
but the next year when no rain followed, a slightly greater amount (160 
p.p.ni.) was detrimental. Probably 40 to 80 p.p.m. is better for outdoor 
application. Much less is effective in a greenhouse wliere there is little wind. 

When too much chemical is applied, various of injury may be 

secured, including reduction in yield. 

The similarity in activity between the a-jiaphthalene acetic acid and 
many other substances, c.g., 2,4-dichlorophenoxy acetic acid, suggests that 
various other chemicals and other methods of applications are worth investi¬ 
gating. 

While we have secured good results with some of tliese hormone dusts, 
we recognize the presence of several variables in any commercial bean fields. 
For this reason the reader will wisely make trials of his own. 
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SUMMARY 

Bud, blossom, and small pod drop of cauniiif]: beans has reduced the yield 
in Wisconsin, during hot weather and following attacks by various insects, 
especially Lygus oblinralns. As control measures, various hormones were 
employed to prevent the formation of abscission layers and subsecpient loss. 

In laboratory screening tests the formation of abscission layers was in¬ 
duced easily and at will by exposure of the bean plants to illuminating gas, 
1 part in 135 parts of air, for about a day at 84*^ to 86^^ F. Among the hor¬ 
mones tried, a-najdithalene acetic acid and 2,4-dichlorophenoxy acetic acid 
were the most i)romising against abscission layer ^formation. 

Wlien used too strong, these hormones not only ])revented the formation 
of abs(*ission layers, but also induced vein clearing, distortion, and dwarfing 
of leafiets, which might be confused with virus symptoms. These symptoms 
commonly appeared in trifoliates develo])ing after treatments, the number 
being influenced by the conc(*ntration. 

Lyons oblmeatus induced bud, blossom, and small bean droj), and dis¬ 
torted and dwarfed the small leafiets of caged plants in the greeidioiise. 
Some of this loss was prevented b}'^ dusting with a-na])htlialenc acetic acid. 
Sindlar results were secured in the field. 

About 18 per cent increase in yields of field-grown wax beans was a('com- 
pjished in 1942 with 2 applications of (iust containing a-naphthalene acetic 
acid at 70 p.j).m. in one case and at 140 p.p.m. in another. Rain followed 
each aj)plication. Dust on Refugee b(»ans and spray on both Refugee* and 
wax beans were not helpful. Sprays were usually detrimental. 

More extensive trials in 1943 showed 24 and 12 per cent yield increase, 
respectivtdy^, of wax beans with 2 applications of dusts containing a-nai)htha- 
lene acetic acid at 40 and 80 ]).]).m. but they showed a dt‘crease with dusts 
at 160 p.p.m. and with sprays No rain followed these trials. The increase 
in yield was due to a greater number of small high grade beans rather than 
to larger beans. 

Similar results have been secured in demonstrational plots. 

Departments up Economic Entomology 
AND Plant Pathology, 

University of Wisconsin. 
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LESPEDEZA ANTHRACNOSE^ 

J. L. We Im e k 

(Accepted for j)ublication March 22, 1946) 

INTRODUCTION 

In the autumn of 1941 considerable leaf spottinj,^ and defoliation of some 
volunteer lespedeza plants were observed at Experiment, Georgia. A later 
survey showed that this leaf spot ivas M’idesi)read in lespedeza fields in 
Georgia as well as in parts of North and South V^arolina. Later the same 
disease was reported to the writer by Drs. H. W. Johnson and C. L. Lefebvre 
as having been found in Virginia. Although the disease is rather widespread 
and seedlings may be stunted or killed during the si)ring and early summer 
months and sometimes many leaflets may be lost, stands are never seriously 
depleted. So far as the writer is aware, this disease has not been reported 
or described heretofore. 

SYMPTOMATOLOGY 

The disease is most conspicuous on the leaflets, on w^hich there may be few 
to many lesions. In nature the number of lesions usually is small; often 
there are not more than one or a few on a leaflet. The spots vary in diameter 
from less than one mm. to one-half cm. and often are half the width of the 
infected leaflet. The lesions usually are someAvhat circular or elliptical but 
may be angular when delimited by veins or at the tips or margins of the 
leaflets (Pig. 1, A). Any part of the leaflet may be infected, lesions often 
being found at the apex, along the margins, or on the midrib or other veins. 
The midrib or smaller veins may be attacked without the surrounding tissue 
being involved (Pig. 1, B) in which case the lesions are linear with the longer 
axis parallel to the vein. On the petioles and stems the lesions vary from 
circular to linear and usually remain small except on the seedlings where the 
entire diameter of the stem may be involved for some distanee (Pig. 1, C, 
2, and 3). The lesions, which are apparent on both sides of the leaflet, vary 
somewhat in color but commonly approach bone brown above and dark olive 
below (2). At first the surrounding tissue is the normal green, but very 
soon it becomes pale lemon yellow to apricot yellow' and dries to some shade 
of light brown, often approaching olive-ocher or honey yellow. The margin 
(Pig. 1, A) may involve half or more of the width of the leaflet; in fact, it 
may actually involve more of the tissue than the dark area. One lesion often 
is sufficient to^causc the leaflet to drop; and, when many leaflets are affected, 
considerable defoliation may result. Brownish setae, appromdiing black 
under the liand lens, frecpicntly are visible on one or both sides of the lesion. 
Tlie lesions most commonly originate between the veins but frequently 

1 Cooperative investigatioTiR between the IlivisioTi of Forage Crops and Diseases, 
Bitreaii of Plant Industry, Soils, and Agricultural Engineering^ Agricultural Research 
Administration, United States Department of Agriculture, and the Georgia Agricultural 
E^>erim^t Station, Experiment, Georgia. Paper No. 143, Journal Series, Georgia Agri- 
<*.ultural Experiment Station. ® ^ 
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Fig. 1. A. Volinitoor annual lespedeza leaflets bearing anthracnose lesions resulting 
from natural infection. The upper and lower rows of leaflets illustrate the appearance 
of the lesions on the upper ami lower sides of the leaflets, respectively. The midrib may 
or may not limit the spot. The leaflets that appear light (upper and lower extreme right) 
wt‘re yellowish x 2 B. Kobe lespedeza leaves with anthracnose lesjons resulting from 
inoculation and 2 healthy control leaves at the left. The upi>er and lower sides of the 
leaflets are shown in the upper and lower rows of leaflets, respectively. Photographed 
t) days after inoculation. xl|. C. Stems of Kobe lespedeza with numerous black 
anthracnose lesions, resulting from inoculation, soiiiewh.Mt obscured by the very liairy 
surfaco. x 2.7. 
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Fig. 2. Kobe le8j)e(leza soedlinjys. Healthy control at the loft, 4 inoculated plants 
at the rijjht, and 4 inoculated loallcts at the lower center. Photo^jraphed 0 days after 
inoculation. 1.6. 

involve an adjneent vein Avhioh then may bo slijjjlitly more reddish than the 
remaind»:r of the spot. 

ETionooY 

Isolations and Inoculations 

Prom lesions on leaflets eoileetod at several places a funj^us with the 
characteristics (>-t* a Codcfotrichum was commonly isolated. The fiinj^us was 
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studied in pure eiilture, and inoculations were made to prove its patho- 
frenieity. 

The initial isolate formed perithecia sj)aring]y in culture and at first 
failed to produce couidia. Only a few spores were available, and the first 
inoculation tests ^avo iie^^ative results. Since the ascospores in culture 



Fio. 3. ]S':itur:»ny iiifp<*tc(l lospcdcza spiHlliiifjs from an cxpcrimontal ]dot. Photo 
jjrai)lHMi May 3, li>44. The crowns, some of tlio larger fibrous roots, tlip stems, ami some 
leaflets had the characteristic anthracnose lesions. The seedling at the left was about 
normal size allhongh it had a few small lesi»nis. N<»tc the blackened bases of the steins 
and the lesions higher up on the stems. The jdant at tin* (*\lrcme right has a lesion just 
below the cotyhMlonary node and 2 lower down. Tin* ne.vt jdaiit at the left has a lesion 
just ab(»ve tlic cotyledons. \ 1 }.. 

resembled those of Glomerrlhi cingiihiia, it was thoiifrlit that if the fungus 
would deea.\- apple it might be stimulated to a higher state of sporulation. 
In order to test this supposition two Wiiiesap apples were inoculated. The 
ay)plps were disinfected for 5 minntes in mercuric chloride (1—1000) and 
then were washed in sterile tap water and placed in a sterilized moist chain- 
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her. Mycelium from a pure line culture was inserted into a wound made in 
each apple with sterile tweezers. Two other appl(?s were treated in the same 
manner excej)t that they \vere inoculated Avith a culture of Glomcrella cingu- 
lata from apple, and two others servinj? as controls were disinfected and 
wounded but not inoculated. The apples were held at room temperature 
(15° to 24° C.), and the decay pro^yressed sloAvIy. Pinal observations made 
after 6 weeks shoAved that the a])ples inoculated A\dth the funj^rus from lespe- 
deza were entirely decayed, Avhereas those inoculated with the funj^us from 
ai)ple were only about two-thirds decayed. The controls remained healthy. 
The funp:us from lespedeza was recovered froj^i the apple and used for 
further studies. On the apple it produced aeervuli in which conidia were 
formed in great abundance. lakcAvise the reisolale sporulated fairly well on 
corn-meal agar and especially well on sterilized, green-bean pods. 

On June 1,1943, s])ores from corn-meal agar AAerc atomized onto lespedeza 
plants about 2 inches tall Avliich then Avere held in a moist chamber for 48 
hours along with comparable noninoculated ])lants as controls. No infection 
AA’as apparent for about 72 hours at which time numerous minute broAvn spots 
appeared on leaflets and stems. None of the controls Avas infected. Six 
days after the inoculations were made leaflets were yelloAving and falling, 
stems had been girdled by typical broAA’iiish cankers, and that portion of the 
plant above the girdle was dying (Pig. 2). As in nature, one spot proA^ed 
to be sufficient to cause a leaflet to fall. Although stems become more resis¬ 
tant with age, a single lesif)n on a very small stem may girdle it and dAvarf 
or kill a young plant. 

At the time this work was in progress, 2 other isolate?: of Glomcrella 
cingtilata Avere being studied, one from Clianiarrrista (6) and one from 
lupine (5). On July 13,1943, these 2 isolates, together Avitli the fungus from 
lespedeza and a culture of Glomcrella ciiigulaia from apple, Avere used to 
inoculate Kobe les])edeza plants about indies tall and growing in 6-inch 
pots. The jilaiits A\’ere atomized with a heaAW suspension of s])ores from 
culture, held in a moist chamber at 28° to 33° C. for 24 hours, and then 
placed outdoors under a cloth shelter. Tlie first evidimco of infection Avas 
seen after 48 hours on plants inoculated with the fungus from lespedeza. 
Many more spots were evident the folloAving day, and after 4 days the leaf¬ 
lets were thickly spotted. There was jio infection on ariy of the plants 
inoculated AvitJi the other fungi or on the controls. 13y the sixth day some 
of the heavily infected leaflets were turning yclloAV (Fig. 1, B) and falling 
and many stem lesions were present. The fungus was rcisolated from some 
of the leaflets and the pathogenicity of the reisolatc proved. This experi¬ 
ment not only proves the pathogenicity of the fungus from lespedeza but 
shoAvs that the pathogen differs parasitically from the isolates from Chamae- 
crista, lupine, and apple. 

Ill anothei experiment seedlings of several lots of lespedeza were inocu¬ 
lated to test their comparative resistance to this organism. The plants used 
were growing in 6-inch pots in the greenhouse and Avere about 8 inches tall. 
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Oil October 7, 1943, 11 difl'ereiit lots of lespcdeza were atomized with a 
heavy spore suspension in sterilized tap water, held in a moist chamber for 
48 hours, and then trfinsferred to a cloth shelter outdoors. Plants in some 
of the lots were atomized with sterile taj) water and held as controls. Infec¬ 
tion was obtained on the following lots of Lespedeza striata: (Common) P.(J. 
22730" and ¥.C, 31057, (Tennessee 7G) P.C. 22664, and (Kobe) F.C. 22731 
and P.C. 30935. No infection was obtained on any of the strains of L. stipu- 
lacca (Korean) ; namely, P.C. 19601, P.C. 31480, P.C. 65280, P.C. 30888, and 
P.C. 19604; and none ivas obtained on the controls. This experiment sug¬ 
gests that the strains of L. striata are susceptible and that those of L. stipu- 
lacca are highly resistant. Pield observations have not confirmed this en¬ 
tirely as is shown l[)y the following tentative classification based on ratings 
made on experimental ])lantings in the field: 

Highly resistant —(Korean) P.C. 31249 and selections 3 and 5 of P.C. 
31249. 

Resistant- [Kovenu) P.C. 19601, F.C. 19604, P.C. 30888, P.C. 31481, 
and P.C. 31485. 

t^nscepUbk—{Kovemi) F.C. 31480 and P.C. 31757. 

Very snsceptUde—{Kohi.^) F.C. 22731, P.C. 30935, F.C. 22896; (Com¬ 
mercial Kobe) ; (('oinnion) P.C. 31057 and P.C. 22730; and (Ten¬ 
nessee 76) P.(^ 22664. 

Just why some of these strains that proved to be susceptible under field con- 
tlitions did not become infected under experinu'utal conditions is not known. 
The field data indicate that, althoiigli they vary in their resistance, the 
.strains of Korean are more resistant than those of Common and Kobe all of 
which were rated very sus(*eptible. 

Life History 

An attempt was made to secure some data on how the fungus can be 
carried and hoiv m^w infections are initiated in the sj)ring. Pour hundred 
seeds wen^ divided into 8 lots of 50 seeds each. Pour of the lots were planted 
in pots in steamed soil and without treatment, as controls; 2 lots were dipped 
into a heavy spore suspension ajid then ])lanted in steamed soil; and the 
2 remaining lots were planted in some of the same soil over the surface of 
which a heavy spore suspension was poured. The p >ts were all held in the 
greenhouse. The seeds were sown Peb. 3, 1944, and the seedlings were 
removed and examined March 7, 1944. Characteristic lesions were on the 
iindergroujid parts of the stems of some of the plants in the pots inoculated 
by pouring the spore suspension over the soil, and the fungus was recovered 
from some of these. A few similar lesions were on tlie plants groivn from 
the imxmlated seed. A very few were on the control plants. In neither of 
the latter groups, however, was the fungus reenvered from any of the lesions; 
hence, final proof of their exact nature is lacking. There was no doubt that 
the diseiise was reproduced by soil inoculation. 

2 The seed of all F.(t lots wc'io supplied hy Mr. Boland McKee, Division of Forage 
Crops and Diseases, Plant Industry Station, Beltsvillc, Mrjiyland. 
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Confirmatioji of the fact that the liiiij^us eaii live in the soil and attack 
the underjrround parts of soedlinjxs in the field is easily found. On May 6, 

1943, dead arid dyinj^’ voluJitt*er lespedeza seedlings 1 to 11 inches tall were 
found with typical aiithractiose lesions on many of the leaflets and on the 
stems as well. Some of the stem lesions were sufficiently lar<?e and deep to 
cause jrirdlinjr; and ])lants thus girdled were dead, dyinj?, or more or less 
stunted. Stems Avith smaller lesions appeared to he sufferinjj: little or no 
injury. J^lants Avere taken to the laborator\', and isolations confirmed the 
nature of the disease. 

On May 11, 1944, a heavy infection by the anthi^iCJ)os(‘ fuii'^us was found 
ill lespedeza ])lants jrroAviiijj: in some of the expej*imental plots. Tyj)ical leaf 
and stem lesions were present on nuniy of the ])Iants. Some were stunted 
and a fcAV Avere dyin^ as a result of the stem lesions. A section of sod about 
6 inelies S(piare Avas taken np. The ])iants Avere then remoAa*d from the soil, 
Avashed, and examined- The seedlinjis Avere sortt^d into 3 jrroups, namely, 
healthy, slijrhtly diseased, and severely diseased. The plants in the last 
j^roup AA^ere more or less stunted and the stems lunl fairly deep lesions, espe¬ 
cially heloAV f^rouiid. The slijrhtly dis(‘as(‘d j**ron]i had shalloAV lesions and 
were slightly if at all stunted. This random sample had 28 Jjealthy, 85 
slij^rhtly diseased, and 130 severely diseased plants, makinji’ a total ol 88.0 
per cent diseased. Tin* h(*althy ])lants averaged about 4 inches tall, whereas 
the severely diseased ones ranjied from 21 to 3 im*h(‘s. In ord(‘r to p:et an 
idea of what ini^ht be the ultimate fate of such })laiits, 25 healtiiy, 50 slij::htly 
diseased, and 100 severely diseased ])lants were transferred to pots and held 
under conditions snilabh* for <»ood ^roAvlh. Final observatiors on June 3, 

1944, show(Hl that ^roAvih of the healthy ])lanis )]ad boon excellent. Some 
of the slifz:htly diseased ones Avere someAvhat less vigorous, but others Avere 
as larjre as those in the healthy lot. A few of the plants in the severely dis¬ 
eased ^Tou]) dit‘d, hut many remained slunte<l. some bein^ ft as tall as the 
healthy ones. It is evident that, under suitable eonditions for the rai)id 
development of tlie fnnjrus, n hijrh ])er( enlace of stem and leaf irilVctioii can 
bo expected from the fungus that lias lived over winter in the soil or on dead 
stems. No perfect sta^re was found on tin' old stems, ami it seems reasonable 
to assume that the initial intectioji on the yoiirijr seodlinj^s in the spring? 
results from mycelium jxroAVJU^^ in the soil or on the old ])lant material or 
from conidia produc('d on this mycelium. Of eourse, siiicc the perfect sta^e 
developed iii cultui-e, its presence ni the fic'ld cannot be discounted alto¬ 
gether, even though it Avas not found. Secomlary infection probably is* 
caused by conidia from the ])riiriary lesions. Dnrinjr dry periods Uktc is 
little or no fruiting: on the lesions, ami the disease becomes very inconspicu¬ 
ous or may disappear entirely. It is most abnmlaiit durin*^^ Avet periods; and 
the damajre done varies Avith the amount of inoculum present, the lenj^th of 
the .vet period, and the stajre of jrroAvth durinj^ that time. Only very youn^ 
seedliufrs have suffered seA^erely from the stem lesions or have been entirely 
prdled by them. 
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Effect of Temperature on Mycelial Growth 

The effect of temperature on the f^rowth of the funji:us was studied in 
culture on 15 ml. of 2 per cent ymtato ag:ar plus 1 per cent dextrose in Petri 
dishes. A loop of a heavy suspension of spores in sterile tap water was 
placed in the center of each dish, and 5 dishes were held at each temperature. 
The long:est and shortest diameters of the mycelial colonies were measured 
and averaj^ed at the end of 5 days and aj?ain after 10 days. At the lowest 
tem])erature (3.5° C.), the s])ores terminated, but no measurable mycelial 
colony was formed in 10 days. A small colony was formed at 12.5° C., the 
fun^nis } 2 :rt‘w ra]>idly at 22° and at 29° C., slowly at 31.5° C., and very slowly 
at 34.5° C. The sf)()r(‘s did not j^erminate at 38° C. Later observations 
sln)wed that some jrrowth took place at 12.5° V. and that a small mycelial 
colony had been formed at 3.5° 0. in 20 days. The minimum temperature 
for f^rowth, therefore, was not reacluHl. The maximum lies somewhere be- 
tw(‘en 34.5° and 38"" C. The o])timum was somewhere between 22° and 
29° C. Tins experiment was repeated in an effort to determine the optimum 
more precisely by (dian^inj^ some of the temf>eratures in that ran^e. Avcrag:e 
temi)eratures of 25.8° and 28° C. were s(‘cured. The results of this experi¬ 
ment, as well as tlie first, showed that the optimum a])peared to shift, bcinj;i^ 
higher at the end of 5 days than after 10 days. This is thought to have been 
due, at least in })art, to tin* dry in**: out of the medium at the liifrher tempera¬ 
tures. It was decided that the amount of jrrowth duriiif^ the first 5 days was 
])r(>bably a truer measure of the o])timuin, because ai)preciable drying of the 
medium had not yet taken place. In the second experiment jrrowth was 
better at 28° tluni at 25.5° C.; and the optimum lay somewhere between these 
2 temperatures, probably a little nearer tlie former fifrure, or possibly near 
27° Shear and Wood (3) ni discussin**- the temperature relations of 
(rIoiiK rella c 'nujnlata slate that ‘*thc minimum, optimum, and maximum for 
the Aineri(‘an material was found to be . . . 10°, 27°, and 32° C., respec¬ 
tively.’’ It is probable that the optimum re])orled by these workers is very 
near that found by the writer for the funjrus from lespedeza. The latter 
fun*rus, however, jrrew at 3,5° and at 34.5° C.; hence, these points differ 
somewhat from those ^dven by Shear and AVood. Von Schrenk and Spauldin" 
(4) state that the fuiijius eausinjr the bitt(*r rot of apple develops best at 
temperatures ran«iin<i: from 33° to 38° C. This su^^f^ests that the upper limit 
for tlu* f^rowth of this funjrus may vary considerably. These writers state 
also that the minimum for jirowth of their fun^Mis is 2° C. wliicli is very near 
the minimum for the lesr)edeza funjrus. 

Taxonomy 

The orij^inal isolate from lespedeza at first formed only ascospores that 
ro'senibled those of Glomerella chunilnta (Ston.) Spaiild. and Schrenk. These 
spores WTre slij^hily curved and measured 4.2—fi.O x 13.6—23 p (av. 4.9 x 19.5 p), 
which is well within the raiifre p'iven by Shear and Wood (3). Conidium- 
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forming? strains were later obtaiuod, and the orifrinal isolate was induced to 
form conidia on decayinj? apple. These conidia measured 3-6 x 13-22 p (av. 
4.1 X 18.2 p), which also is within the ranj^e jyiven by Shear and Wood. Setae 
were present amonpr the spores but varied from tew to abundant. The> were 
dark brown to nearly black at the base, often beeoitiiuj? nearly colorless at 
the apex. The base of the seta is bulbous and is 6-10 p wide at the broadest 
part. The seta tapers to a somewhat blunt point, is 70 to 180 p long, and is 
usually 2- to 4-septate. The fungus differs in this last respect from (Jollrto- 
irichum destructivum 0X1 ara whieli is described (1) as liaving setae which 
are often nodulose and conlinuous or obscurely l-:^eptate. Since no morpho¬ 
logical difference, was found that would enable one to distinguish the fungus 
on lespedeza from Gloiiicvclla cln<julof(t^ it is consideiMul to be a strain of this 
species. The fact that no infe<dion of lespedeza was obtained with the isolate 
of (r. cingvlaia from apple, while abundant infection Wcus obtained wnth an 
isolate from lespedeza under identical contlitions, indicates that the latter 
may be a different j)arasitic straiji. 

CONTROL 

The damage caused by the anthracnose fungus to lesj)edeza in the held 
is rather limited. What information is available indi(*ates that serious dam¬ 
age to lespedeza is caused onl}" under rather wet conditions, especially in the 
spring when the seedlings are small. Should the disease beconu* sufficiently 
important to justify control measures, it seems ])robable from the results of 
inoculation tests and field observations that highly resistant varieties can be 
found, especially among the Korean strains such as F.(\ 31249. 

SrMMARY 

An anthracnose of annual lespedeza caused by a strain of GlomerMa 
cingulaia is described. The disease causes more or less circular, elliptical, 
or angular brownish lesions from 1 to 5 mm. in diameter on the leaflets. 
The number of lesions ])er leaflet may vary greatly, but a single leaf spot is 
sufiScient to cause a leaflet to droj) off. The lesions on the petioles ajid stems 
are dark brown to nearly black and vary from circular t(» linear. They are 
of importance largely on young seedlings, whose stems may be completely 
girdh^d and the j)lants killed. The disease may be very prevalent in local 
areas during wet periods, especially during the late sprijig and early summer 
months, and.may disappear during subsequent dry spells. Tlie strains of 
Lespedeza striata a])pear to be more susceptible than those of L, sUpulacca, 
although some of the latter are moderately susceptible. It is thought that, 
should control measures beeome necessary, resistant varieties may be found 
among some of the strains of the latter species such as P.C. 31249. 

AGiiicLriTTTRAL Experiment Station, 

Experiment, Georgia. 



ca cx 


1946] 


WeIMER: LeSPEDEZA ANTHRACNaSE 


533 


LITERATURE CITED 

1. O^Gara, P. J. New species of Colletotrichvm and Phovia, Mycologia 7: 38-41. 

3915. 

2. Bidgway, Borert. dolor standards and color nomenclature. 43 pp., 53 color plates. 

Washington, 1912. 

3. Shear, C. L., and Anna K. Wood. Studies of fungous parasites belonging to the 

genus Olomcrrlla. IT. R. Dept. Agr., Bur. PI. Ind. Bull. 252. 1913. 

4. SOHRENK, Hermann von, and Perley Spauloing. The bitter-rot of apples. U. S. 

Dept. Agr., Bur. PI. Ind. Bull. 44. 3903. 

. WeimER, J. L. Anthracnose of lupines. Phytopath. 33: 249-252. 1943. 

^ --. Macrophomina root .and stem rot and aiithracnose of Chamaccrinta. 

Phytopath. 34: 1077-1085. 1944. 



RESPONSE OP SPRING BARLEY VARIETIES TO FLORAL 
LOOSE SMUT INOCULATION"- * 

H. L. Shands and C. W. Schallers 
(Accepted for publication March 23, 1946) 

Loose smut of barley caused by Vstilacjo mida (Jens.) K. and S. occurs 
generally wherever barley is grown, but is more i)revalent in the humid and 
semi-humid areas of production. Losses arc usually small in terms of per¬ 
centage reduction of crop yield, but may be heavy at times. Several barley 
varieties widely grown in the North Central aroa oi' the United States are 
susceptible to V. nuda. With the exception of Trebi, no resistant variety 
is widely grown in this area. The organism causing loose smut can be con¬ 
trolled by hot-water treatment of the seed, but this method is both difficult 
and hazardous in application. It would be impractical for growers to treat 
with hot water all barley used for seed. An easier way to coiitrol the loose- 
smut pathogen w^ould be the use of adapted resistant varieties, if such were 
available. 

For several years the loose-smut disease has been given consideration in 
the barley-breeding program at the Wisconsin Agricnltural Experiment Sta¬ 
tion. Attention has been given toward finding varieties with good agro¬ 
nomic type as well as resistance to loose smut and other important disea4ses. 
It would be desirable for new varieties to carry a practical type of resistance 
so as to prevent natural loose-smut epidemics. 

liTTERATURE REVIEW 

Various techniques have been used **or artificial inoculation with loose 
smut since Maddox (7) first showed that he could produce loose smut of 
barley by putting the spores on the ovary of the plant at flowering lime. 

Brefeld and Falck (1) used three methods to inoculate with the loose 
smut of wheat and barley. An atomizer was used to blow smut spores 
around the heads which were enclosed in a glass cylinder, producing from 
9.5 to 20 per cent smut. Other methods included the introduction of either 
dry s])ores or a spore suspension into flowers by use of a small brush. Infec¬ 
tion varied from 13 to more than 99 per cent smutted plants.. 

Freeman and Johnson (4) clipped the Jemma and palea near the base of 
the awn, leaving an opening for introducing spores. In some cases dry 
spores were placed direr tly on the stigma witli a brush or forceps, and this 
was their most effective method. Some heads were covered and others were 
moistened after inoculation. Optimum infection period was from full 
bloom until the ovary began to enlarge. 

1 Tljest* '.tiidii's wero initially siipportcMl by funds provided bv the Wisconsin Alumni 
Research Foundation. 

2 Published with the .approval of the Director of the Wisconsin Agricultural Experi¬ 
ment Station. ^ 

3 The writers acknowledge valuable assistance by D. C. Amy in the field work and 
assembling the data; and by V. I. Hack in the field inoculations. J. G. Dickson gave 
counsel in planning the proyect, and J. H. Torric aided in statistical interpretation. 

r)34 
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Broili (2) opened the flowers with a forceps or cut off the upper one-third 
of the lemma and palea and then blew in spores with an atomizer. He also 
employed Freeman and Johnson's method of opening’ the flowers with a for¬ 
ceps and dusting on spores with a brush (3). Seiffert (16) used Brefeld 
and Falck's brush method and a hollow needle resembling a spoon. The 
needle was dipped into spores, forced between the lemma and palea and the 
spores blown into the flower. He listed the varietal reaction from 0 to 94.4 
per cent smut. 

In his work with wheat loose smut, Piekenbrock (12) described an appa¬ 
ratus where dry spores were blown into the flowers by a blast of air pro¬ 
duced by moving a piston in a cylinder. Modifying one of Freeman and 
pJohnson's methods, Tax)ke (19, 20) inoculated barley flowers with loose smut 
by gently placing, with forceps, a small quantity of spores on the stigmas 
of flowers in the process of blooming. With high humidity after inocula¬ 
tion, Multan barley (19) developed 87 per cent smutted plants, and none 
under desert conditions. Zehner and Humphrey (24) obtained 33 per cent 
infection in Tennessee winter barley by injecting tillers in the apical growth 
region wdth a 14-hour spore suspension of ZJatilago nuda. Zeiner (25) used 
Piekenbrock's method for testing parental and progeny responses for sev- 
(U’al barley crosses. Infection was from 0 to 78 per cent, and he also sub¬ 
stantiated Piekenbrock's observations with wdieat that the most favorable 
time for inoculation was shortly after flowering until 5-7 days after pollina¬ 
tion, Nahmmacher (10) used a modification of Piekenbrock's apparatus, a 
rubber bulb replacing the piston and cylinder. Varietal reaction, inheri¬ 
tance of resistance, and })hysiologieal specialization studies were made where 
he differentiated 2 races of U. nuda on a x)athogeiiicity basis. Vanderwalle 
(22) used a micropipette, to inject a suspension of mycelium into the embryo. 
Developing ])lants were smutted, but it is not clear whether the fungus Mas 
r. niidaov V. medians Bied. since he (23) later mentioned sporidium forma¬ 
tion. Peck, according to Thren (21), clipped the um'iis and treated the 
entire head in vacuo MdtJi dry spores. Moore (9) introduced a spore sus¬ 
pension into floM'crs of heads placed in a small glass chamber Mdiere pres¬ 
sure could be reduced. Wheat Mas more successfully inoculated than barley. 
Thren (21) used Nahrnniacher's method for inoculating barley floM'ers, re¬ 
porting liigh infection and increased survival counts Mdien live-spore concen¬ 
tration M-as reduced. Oort (11) used the partial vacuum method of Moore 
for inoculating wheat and barley heads, and found the optimum time for 
infecting barley M^as near time of f>ollination. Lange-de la Camp (5) inocu¬ 
lated M'heat floM^ers with a suspension of mycelium of U. iritici (I'ers.) 
Rost, and kept heads moist for a few days. This is probably the first report 
of mycelium inoculation being successful. Middleton and Chapman (8) 
inoculated winter barley, using the vacuum and forceps methods. Liv¬ 
ingston (6) used Moore's method and then maintained inoculated plants 72 
hours in a chamber with 85-95 per cent relative humidity and at 15-30® C. 
Inheritance of resistance was studied. Semeniuk and Ross .(17) enclosed 
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dry spores in 4 layers of cbee^eclotli and dusted heads of Newal barley 
several times. Poehlman (13) described a method usin^ a spore suspension 
which was injected into individual flowers by a hypodermic needle. Ross 
and Semeniuk (14, 15) have also used this method. These workers have 
tested varieties and their results generally agree with those about to be 
reported in this paper. 

METHODS AND MATERIALS 

Inoculations 

The present work with list Hugo nuda was reemphasized in 1936. Several 
methods were used in order to learn the one whief would be most effective 
and most easily applicable. When inoculating barley heads it must be 
remembered that the individual flowers of a head are not all in the saim* 
stage of deve]o])ment. Several of the previously cited Oerman workers 
removed small and lateral flowers. In the jiresent work all flowers were 
left on the head with the exception of the very smallest ones at the base of 
the spike. One method used was the partial vacuum described by Moore 
(9). This was modified by using a larger glass tube than previously de- 
sci’ibod in order that 2 or 3 and sometimes 4 heads could be inoculated at 
the same time. In addition, a solution of malt extract was used in order to 
increase germination and growth of the fungus after inoculation. A small 
amount of fish-oil soap was included in the spore suspension so as to decrease 
surface ten,sion, permitting thorough wetting of the ovarj'' and stigma. 

A second method used was tliat first ri‘poided by h'reeman and Johnson 
and later modified by Tapke where forceps carrying smut spores on finely- 
ground points were used to pierce the lemma and gently touch the stigma. 
A third method was that of clipping the n:)j)er part of the lemma and palea 
and dusting the inside of th(‘ flo^ver with smut spores by means of a camel- 
hair brush. This type of inoculation had been previously used at Wisconsin 
in studying stripe o1 barley caused by llelmirifhosporiiiin g rami turn in Rabh. 

These three methods of inoculation were used in 1936 and ]937‘ and a 
portion of the heads were covered with glassine bags. The summary of the 
results IS given in table 1. The bagging seemed to reduce smut infection 
during the 2-year period, when more than 900 inoculations" were made each 
yeai. Ragging was therefore discontinued for tlie inoculations be^^inuin^** 
in 1938. 

A fourth method of -noculatioii was introduced in 1938 when flowers 
were inoculated by use of a hypodermic needle, to which was attached a 
small rubber bulb containing dry spores of Ustilago nuda. After the needle 
pierced the lemma the bulb was squeezed in order to puff spores into the 
ovary. This is hereafter referred to as the “needle’' method. In 1940, 
refej-erice wt..s macie to this method in the annual report of the Wisconsin 
Agricultural Experiment Station.® 


4 Tho results were rend tlie following year. 

In this paper the inocnlritioii of all flowers of 2 barley solkes 
side red a single inoculation. ^ 


generally 


was con- 


44d. dimitor of Wisconsin Agricultural Experimont Station. Bull. 
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TABLE 1 .—Influence of methods of inoculation on development of Vstilago nuda 
when many varieties of barley were used 


Method of inoculation and percentage of smutted plants 


Year 

grown* 

No. of 
inocu¬ 
lation sb 


Vacuum 


Forceps 


Clipped* 

!i 

Ragged 

Not 

bagged 

Ave. 

Bagged 

Not 

bagged 

Ave. 

Bagged 

Not 

bagged 

Ave. 

1937 

150c 


16.04 



6.76 



11.89 


1937 

90 7d 

0.5 

9.1 

8.8 

0.4 

4.3 

4.0 

2.3 

8.6 

7.7 

1938 

954d 

15.0 

29.3 

25.2 

15.1 

19.9 

17.9 

6.6 

9.2 

8.5 


» Inoculations made the previous year. 

b Two heads generally used for an inoculation. 

c The same 50 varieties inoculated by each method. 

‘iLargc number of varieties not strictly comparable for each method. 

« Upper part of lemma and pah‘a clipped before dusting with spores. 

A comparison of the needle and parlial-vacnuin methods with a large 
iminbor of varieties is given in table 2. The results reported in tables 1 
and 2 are not strictly comparable; bnt since the number of inoculations is 
large the results are thought to be fairly reliable. The needle method 
(Table 2) prinluced considerably more smut in the 1938 inoculations, the 
results of which were read in 1939. In 1940 the two methods gave very 
nearly the same percentage infect ion. Inasmuch as the needle method is 
much more easily used than the vacuum method, the latter was discontinued 
after the 1939 inoculations. 

Since the data obtained from many varieties were composited in tables 
1 and 2 it was thought desirable to compare the four methods of inoculation 
on AVisconsiii Barbless and Oderbrucker varieties. These results, sum¬ 
marized in table 3, indicate that the needle and vacuum methods were more 
effective than the others. Only two years, 1938 and 1939, are available for 
coinjiarison of the needle and vacuum methods. The vacuum method pro¬ 
duced lower smut percentages than the needle method and was more difficult 
to use. Including Od^^ssa, the needle method gave more infection for 5 of the 

TABLE 2 .—Comparisitn of vacuum and needle methods of inoculation for Vstilago 
nuda, with many varieties of barley 


Method, mnnber of iiiocuhitions^, and Bmiittod plants 

VaiMiiim Needle 

Tnocidations Smutted plants Tuoenlations Smutted plants 

N'o. I’er cent No, Per cent 

6.35 24.4 381 42.3 

550 21.9 299 22.8 


Year 

grown» 


3939 

1940 


»Inocnlations made the previous year, 
b Two heads generally used for each inoculation. 
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6 varietal-year comparisons, with the exception of the 1940 results with 
Oderbrucker. While the summarized results should not be compared 
strictly, a total is 8:iven for the number of plants observed for all of the 
3 "ears and the percenta"e smut. 

TABLE 3,— Comparisons of inoculation methods when three barley varieties were 
inoculated with TJstilago nuda from day of pollination to 3 days after pollination 


Year 

grown* 

Needle 

Vacuum 

Forceps 

Clipped 

Plants 

Plants 

Plants ^ 

Plants 

Total 

Smutted 

Total 

Smutted 

Total 

Smutted 

Total 

Smutted 


Ao. 

Per cent 

No. 

Per cent 

No. 

Per cent 

No. 

Per cent 

Wisconsin Bar bless (C.I. 5105) 







1937 



1919 

7.2 

1247 

1.0 

1805 

4.9 

1938 



1601 

16.4 

359 

1.4 

852 

2.3 

1939 

501 

33.1 

1163 

26.0 





1940 

203 

22 

684 

18.0 





1941 

1084 

44.1 







1942 

267 

15.0 







1943 

751 

41.1 







1944 

86 

58.8 







Total 









or Av.b 

2892 

37.0 

5367 

15.4 

1606 

1.1 

2657 

4.1 

Oderbrucker 

(C.I. 4666) 







1937 


• •. • 

314 

16.9 

130 

16.2 

120 

3.3 

1938 



115 

36.5 

357 

4.5 

157 

12.1 

1939 

514 

49.2 

1019 

32.2 





1940 

480 

14.0 

708 

34.3 





1941 

1443 

52.3 







1942 

535 

37.0 







1943 

614 

56.7 







1944 

429 

69.9 



. 




Total 









or Av.b 

4015 

47.8 

2156 

30.9 

487 

7.6 

277 

8.3 

Odessa (C.I. 

934) 








1937 



150 

28.0 





1938 



321 

36.1 





1939 

43 

32.5 

223 

5.H 





1940 

53 

58.5 

163 

43.6 





1941 

239 

23.8 







1942 

10 

90.0 








1944 

55 

92.7 


Total 
or Av.b 

400 

40.5 

857 28.2 


• Iiioeulationa made the previous year. 

b Total number of-inoculations or average percentage of smut. 


The stage of floral dcvelopineut at the time of inoculation is important. 
The different stages of development, using the two methods, needle and 
vacuum, are compared for suseeptibilit 3 ' in table 4. The results for the 
needle m.^thod arc given for a G-year period from 1939-1944 and for the 
vacuum method for 3 years, namely 1938-1940. The results indicate that 
the barley flowers are most susceptible during and shortly after pollination. 
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Inoculations made later than 3 days after pollination gave a reduced infec¬ 
tion. When Wisconsin Barbless was inoculated 4 days after pollination, 
smut was reduced to 6.5 per cent, and Oderbrucker infection was reduced to 
5.1 per cent after 5 days following pollination. It is impractical to inoculate 
spikes before pollination because the heads have to be removed from the boot 
and the necks are rather weak and tender at this time. Therefore, it is 
desirable to wait until slightly after pollination. Nearly all of the inocula¬ 
tions were made near the time of pollination and since 1940 not later than 3 
days after pollination. 

Floral inoculation often affects the subsequent seed and plant develop¬ 
ment, frequently reducing germination and seedling vigor. If flowers are 
too young at time of inoculation, seed set is reduced more than when flowers 

TABLE 4.— Influence of stage of floral development on infection hy Vstilago 7 iiida, 
using two varieties of barley and two methods of inoculation 


Stage of floral 
development 

Wisconsin Barbless 


Oderbrucker 


Average 
infection, 
both varieties 

with refer¬ 
ence to 
pollination 

Needle 

Vacuum 

Needle 

Vacuum 

Needle 

Vacuum 

3939-44 

1938-40 

1939-44 

1938-40 

1939-44 

1938-40 

Plants Smut 

Plants 

Smut 

Plants 

Smut 

Plants Smut 

Smut 

Smut 


cent 

No. 

iVr 

cent 

No. 

Ter 

cent 

No. 

Per 

cent 

Per 

cent 

Per 

cent 

Day before . 

111 45.9 



179 

60.9 



51.1 


Day of 

3334 41.4 

217 

36.9 

1692 

51.7 

87 

50^6 

46.6 

43.8 

1 day aft(»r . 

1093 30.8 

702 

17.8 

1687 

47.3 

555 

35.5 

39.1 

26.7 

2 days after 

24(5 38.2 

1405 

21.7 

321 

31.8 

656 

27.6 

35.0 

24.7 

3 days after 

57 57.9 

1124 

15.8 

126 

25.4 

514 

35.6 

41.7 

25.7 

4 days after 


30(5 

6.5 



70 

25.7 


16.1 

5 days after 


109 

8.9 



58 

5.1 


7.0 

6 days after .. 


39 

7.7 








have been pollinated for a day or more. Such seeds are freciuently light 
and chaffy, and secondary fungi may reduced stands. Treating inoculated 
seeds witli organic mercury dust before planting reduces seedling losses and 
increases vigor. Hulls are often loose and fail to adhere to the caryopsis. 
Usually hulls are loosened most with lemma clipping and least with the 
vacuum technique. Plant stands vary from year to year when the same 
method is used, many factors probably contributing to the variation. 
Stands varied from 40 to 72 per cent and averaged 53 per cent with the 
needle method, from 1939 to 1944 inclusive. In 1939 and 1940 the vacuum 
inoculations produced 8 per cent greater stands. Thren (21), by reducing 
live-spore concentration to 1 per cent, raised the stand counts and yet main¬ 
tained good infection. 

The needle method was chosen by the authors because it produced the most 
infection and could be manipulated by one technician. Needle size found 
most successful was 20 gauge. Inoculum should be finely sieved and kept 
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dry, otherwise tlie needle may clog, which necessitates cleaning by a small 
wire. Keduced live*spore concentrations would likely increase stand counts 
and yet maintain high infection. The needle could also be used for inject¬ 
ing a spore suspension, though not done to a great extent in this work. 

Inoculum 

A composite inoculum was obtained from susceptible varieties grown 
currently in the nursery. Inoculum was collected from many varieties so 
as to maintain various races of the fungus which may be present in tlie nur¬ 
sery. Although specialized races are known in lyany species of Ustilago 
and also exist in IJ. nuda, no carefully purified race was used, tlius avoiding 
a restriction in the application of the results. In rare cases smut used had 
been previously stored at low temperatures. Samples of the smut were 
germinated in order to determine purity of species, viability, and vigor. 
Floral inoculation with Z7. nuda only is reported in this paper. 

Barley Varieties Tested 

A large number of the varieties came from the C.J. collection.^ The seed 
was originally supplied by li. 6. Shands. Previous to the loose-smut test 
most of the varieties had been found resistant to the two sporidiuiii-forming 
smuts. A large portion of these varieties has been inoculated with the 
stripe-causing fungus and the results reported by Shands and Amy (18). 
Many selections from the barley-breeding program in progress at the Wis¬ 
consin Agricultural Experiment Station have been tested Tor their reactions 
to UsiUago mida. Tiike their parents, most of the hybrid stdections WTre 
susceptible. The selections having numbers preceded by “H’’ w^ere pro¬ 
vided by li. G. Shands. 

The varietal testing for reaction to Ustilago nuda has been in i)rogress 
for about 10 years, and some of the resistant varieties have been hybridized 
with agronomically desirable varieties and their progenies have been tested 
for resistance. A few smooth-awned selections with resistance to V. nuda 
have been purified and are being tested for yield and adaptability. 

RESULTS 

Tests were from field inoculations and nearly all were field-growm. Only 
a small portion was grow’ii in the greenhouse. Even though fairly extensive 
tests were made before 1939, the data in tables 5 and 6 give results mostly 
with inoculations since that time. The percentage's of smut in Oderbrucker 
and Wisconsin Barbless for the period of 1939-1944 are 48 and 38, respec¬ 
tively, while some other varieties had 90 per cent or more, and still others 
had less than 5 per cent, thus indicating a satisfactory method for differen¬ 
tiating varietal reactions. The partial-vacuum technic was used for testing 
many hybrid selections and varieties, but the results were omitted except 
where tlie variety was not later tested with the needle method. Varieties or 

7 A world collection of barley varieties maintained by the Division of Cereal Crops 
und Diseases, U. S. Department of Agriculture. ^ 
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TABLE 5.— Loose-smut reactions of barley varieties artificially inoculated with 
Ustilago nuda 


C.T 

.No. 


Plants 

C.l. No. 

Testa 

Plants 

and 

description^ 

Tests 

Total 

Infected 
Wt. Ave. 

and 

description® 

Total 

Infected 
Wt. Ave. 



No. 

No. 

Per cent 



No. 

No. 

Per cent 

531 

2 

64 

1488 

44 


N 

8 

207 

7 

595 

H,N 

5 

51 

25 

1314 

N 

6 

84 

54 

068 

D,P 

7 

153 

0" 

1315 


i 

107 

73 

918 


5 

291 

47 

1316 

N 

7 

96 

43 

920 


18 

421 

20 

1330 


12 

316 

28 

923 

B,S 

9 

212 

48 

1355t> 

S 

4 

136 

44 

934 


14 

400 

41 

1370 

P,N 

16 

376 

4 

935 


3 

46 

70 

1379 


5 

95 

75 

936 


16 

596 

4 - 

1387 


3 

100 

85 

940 


12 

410 

28 

1408 


5 

190 

3 

907 

2,B, 

N 10 

173 

0 - 

1413 

B 

9 

281 

17 

971 


6 

93 

1 

1417 


2 

82 

51 

972 


5 

180 

51 

1432 


3 

33 

36 

995 


10 

170 

35 

1433 


2 

36 

81 

998 

N 

7 

186 

19 

1437 


1 

19 

84 

lOlOJ 


8 

139 

7 

1438 


5 

97 

5 

1017 


7 

173 

31 

1441 


3 

66 

21 

1021 


7 

126 

55 

1443 

I 

4 

24 

0 

1023 


7 

143 

78 

1445 

2 

3 

79 

53 

1024 


3 

121 

70 

1455 


3 

21 

52 

1027 

P, N 

8 

202 

5 

1466 

o 

4 

49 

14 

1032 

B,N 

2 

42 

0 

1467 

B 

3 

52 

37 

1037 


11 

229 

16 

1468 


6 

168 

28 

1053 


8 

184 

25 

1470 


11 

381 

15 

1076 


7 

211 

66 

1557 


4 

104 

3 

\m) 


2 

62 

47 

1585 


4 

45 

2 

1082 


1 

45 

7 

1603 

A 

5 

105 

15 

1086 

N 

4 

51 

43 

1604 


6 

179 

18 

1087 


7 

136 

29 

1610 

A 

8 

133 

5 

]088d 


1 

43 

9 

1612 

A,P 

6 

111 

1 

1090 


5 

72 

21 

1613 


3 

106 

36 

1110 

o 

4 

102 

77 

1614 


9 

303 

27 

nil 


10 

418 

39 

1615 


7 

201 

35 

1119 


7 

231 

4 

1621 


2 

60 

50 

1131 


3 

108 

57 

1688 


1 

35 

37 

1142 

2 

4 

91 

60 

1692 


8 

360 

43 

1179 


2 

20 

70 

1698c 


4 

145 

46 

1213 


2 

33 

21 

] 756 

2, N 

2 

57 

39 

1223 


.3 

49 

0 

1774 

H 

5 

118 

3 

1243 

A 

8 

230 

16 

1918c 


2 

88 

43 

1248 

P, N 

16 

238 

13 

1969 

B 

9 

281 

14 

1257 


6 

162 

57 

2040 


8 

94 

1 

1263 


10 

300 

39 

2080 

2 

10 

134 

17 

1284 

S 

6 

186 

4 

2082 

2 

3 

40 

50 

1296 

D,P 

10 

193 

1 

2107 


2 

50 

42 

a 

All are 

white or 

blue, 6 rowed, rough-: 

iwiii'd, 

and have 

adhering lemma 

and i)alea, 


except wh(‘rc other clinractcriatics are indicated according to the following key: 

2 = 2-rowed N - naked kernels SS = semi-smooth awned 

1 -- intermedium A - AbyssiniaTi intermediate B = black 

B =: deficiens S = smooth awned B — purple 

H - liooded 

B and P refer to black or purple color in lemma and palca of threshed grain 
of hulled barleys and to the color of the caryopsis in naked barley, 
b Selection. 

c Tested by partial-vacuum method, 
d Tests by R. G. Shands gave greater infection. 
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TABLE 5.— {Continued) 


2135 c 
2203 

2207 

2208 
2209 
2213 
2215 

2219 
2221 
2223 

2220 
2237 
2242<i 
2247 

2253 

2254 
2257C1 
2261 
2263 
2267 

2276 

2277 

2278 
2280 
2282 
2284 
2286 
2318 
2321 
2330 
2338 
2344 
2348 

2351 

2352 

2353 
2364 
2381 
2383 

2432 

2433 
2437 
2448 
2467 
2476 

2480 

2481 

2482 
2492 
2497 

2525 

2526 
i042 
2573 
2577 


. No. 
nd 

iptiona 

Tests 

Plants 

C.I. No. 
and 

description** 


Plants 

Total 

Infected 
Wt. Ave. 

Tests 

Total 

Infected 
Wt. Ave. 


No. 

No. 

Per cent 


No. 

No. 

Per cent 

2 

4 

188 

42 

2877 2 

1 

12 

58 

IT 

3 

86 

7 

2947c 

21 

842 

24 

H,N 

3 

75 

33 

3208-4 

11 

329 

1 

B,H,N 

4 

79 

0 

3210-2 

11 

271 

1 

A 

3 

83 

2 

3393-2 

2 

22 

27 

I.N 

9 

238 

32 

3402 

6 

60 

3 

1,H,N 

2 

82 

42 

3403** 

5 

244 

58 

2,H 

3 

31 

13 

3104 

4 

86 

22 

2,N 

2 

39 

54 

3408 

o 

28 

14 

2,II,N 

4 

60 

5 

3410 

2 

35 

66 

1),B 

6 

101 

0 

3413 A 

o 

28 

43 

A, II 

2 

51 

42 

3443 

4 

68 

44 

p, n, N 

3 

55 

6 

3446 

1 

19 

74 

A,N 

o 

35 

31 

3508 

4 

60 

17 

N 

6 

120 

23 

3530 

1 

47 

85 

T 

o 

51 

39 

3552 

5 

87 

95 

N 

5 

92 

1 

3553 

3 

59 

86 

N 

5 

55 

7 

3554 

4 

110 

81 

P 

4 

94 

4 

3556 

1 

10 

70 

A 

2 

41 

37 

3557 

3 

33 

88 

B 

11 

347 

.9 

3558 

4 

103 

89 

P, N 

4 

70 

4 

3559 

4 

35 

17 

A 

1 

56 

39 

3560 

2 

23 

83 

I 

2 

24 

29 

3582 

4 

80 

63 


o 

65 

51 

3634 

3 

40 

88 

A,B 

7 

135 

4 

3650 

4 

105 

71 

I,N 

7 

177 

34 

3724 

2 

48 

54 

N 

6 

89 

o 

.3728 

4 

99 

59 

H,N 

2 

31 

42 

3745 

4 

35 

31 

B 

1 

68 

59 

5 746 

o 

44 

66 

4 

68 

12 

3776 

3 

29 

66 


2 

23 

39 

3778 

4 

42 

74 

N 

3 

43 

35 

3808 

2 

53 

100 

4 

66 

Q 

3810 

3 

75 

76 

1,N 

6 

127 

32 

3816 

4 

39 

77 

B 

4 

146 

19 

389^>-l 

2 

38 

97 


5 

160 

60 

3896-1 

1 

10 

90 

A 

5 

130 

23 

3898 

1 

8 

88 

B 

4 

86 

7 

3902 

2 

55 

89 


5 

127 

32 

39(»3 

3 

36 

89 


12 

o 

16 

11 

4 

4 

5 

4 

5 
5 
o 




255 

23 

470 

280 

114 

94 

77 

76 

374 

64 

63 

19 

32 

22 

42 


17 
83 

3 

36 

40 
49 

49 
63 

50 
0 

13 

63 

19 

18 

41 


3905- 1 B 

3906- 2 B 
3906-3 P 
3912-3 B 
3914-J P 
3921-1 
3921-2 
3924-2 
3969-1 
3971 

4032 

4033 
4033-1 
4038 
4041-2 


55 

37 

25 

18 

22 

47 

7 

40 

41 
57 

74 
51 
67 
54 

75 


38 

27 

28 
89 
23 
66 
57 
43 
34 
74 
80 

100 

88 

96 

36 
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TABLE 5.— (Continued) 


C.I. No. _ C.I. No. Plants 


and 

description* 

Tests 

Total 

Infected 
Wt. Avc. 

and 

descriiJtion* 

Tests 

Total 

Infected 
Wt. Ave. 



No. 

No. 

Per cent 



No. 

No. 

Per cent 

4049 


1 

17 

82 

5012 


2 

33 

37 

4118 


8 

170 

74 

5641 


2 

19 

42 

4184 


<1 

37 

65 

5043 


2 

62 

92 

4201-1 


2 

43 

49 

5690c 

B 

3 

51 

31 

4211 

2 

1 

20 

65 

5841 

A 

1 

21 

19 

4211-1 


1 

10 

50 

5899 

P.N 

10 

167 

0 

422H 


1 

16 

88 

5998 

S 

1 

20 

35 

4252 

S 

9 

301 

26 

0001c 


6 

235 

26 

4289 


11 

487 

34 

6030 

S 

2 

70 

34 

4.170 

r),B 

o 

50 

84 

0051 

II 

4 

140 

74 

4425-1 


4 

110 

30 

0087 

2, SS 

3 

44 

71 

4420 


1 

23 

48 

0088 

S 

12 

309 

08 

4,j02-2 


7 

170 

14 

0093 

S 

5 

213 

43 

4559 


9 

221 

8 

0109 

S 

4 

112 

25 

4559-1 


3 

07 

2 

0199 


1 

18 

100 

45(50-1 


4 

122 

10 

0239 

S 

9 

293 

41 

4501 


3 

82 

32 

0251 


10 

241 

40 

4573-1 



27 

7 

0299 

»S 

1 

17 

82 

457(3-lr 


0 

207 

15 

6311 


1 

15 

80 

4577c 

s 

18 

091 

20 

0352 


1 

46 

n 

4577-1 

s 

5 

164 

23 

0395 

2 

1 

18 

72 

4585 

2,8 

(5 

132 

51 

0397 

o 

1 

31 

94 

4585-1c 


5 

89 

0 

0421 

2 

1 

25 

28 

4017c 


0 

183 

29 

0425 

o 

1 

32 

92 

4022 


11 

197 

10 

0430 

o 

1 

18 

72 

4023 


17 

341 

13 

0104 

2 

1 

12 

300 

4024 


2 

39 

8 

0407 


1 

38 

77 

4633 


3 

33 

70 

0487 


1 

33 

77 

4(537 


7 

137 

42 

0488 

2 

1 

11 

91 

400(5 


132 

4052 

48 

0503 


6 

280 

48 

4087 

IT 

5 

195 

29 

0531 

2, B, S 

8 

132 

60 

472(5‘' 


0 

265 

24 

0514 


7 

204 

38 

4731 

o 

o 

45 

18 

0572 

N 

13 

272 

13 

4757 


1 

39 

46 

0007 


1 

"33 

36 

4801c 

2 

4 

132 

29 

0008 


1 

50 

39 

4820 


1 

44 

08 

0009 


1 

42 

30 

4821 

B 

IG 

380 

7^ 

0011 


1 

54 

37 

4822 

P,N 

9 

194 

4 

0614 


3 

66 

2 

4823 

B 

10 

327 

4 

0015 


1 

49 

38 

4827c 


5 

175 

38 

0991 

A 

4 

135 

0 

5027 

2,8 

3 

55 

19 

7011 

S 

2 

48 

83 

5030 


10 

389 

48 

7015 

S 

4 

00 

05 

5105 

8 

100 

2892 

38 

7030 

s 

5 

155 

71 

5221 


4 

78 

49 

7055 


o 

48 

2 

5207 


9 

304 

00 

7069 

8 

7 

298 

36 

5340 


3 

143 

25 

7115 

8 

4 

112 

67 

5409 

2 

3 

33 

36 

7116 

8 

4 

319 

24 

5419c 

T) 

3 

80 

36 

7143 

8 

2 

60 

65 

5459c 

B 

3 

80 

54 

7105 


3 

149 

24 

5581 


1 

23 

78 

7106 


13 

570 

20 


selections having less than 20 plants for observation were omitted from tables 
5 and 6 unless susceptibility was clearly denoted. When a variety was 
susceptible it was not tested further unless desirable from some breeding 
standpoint. 




544 Phytopathology [Vol. 36 


TABLE 6.— Loose smvt reactions of barley hybrid selections and miscellaneovs varie¬ 
ties when artificially inoculated with UsHlayo nvda 


Hybrid 
selections" 
or varieties 
and 

descri])tion‘‘ 


Tests 

Plants 

Hybrid 
Bpleetions" 
or varieties 
and 

descriptionb 


Teats 

Plants 

Total 

Infected 
Wt. Ave. 

Total 

total ^t. Avc. 



No. 

No. 

Per cent 



No. 

No. 

Per cent 

XI54-2-79 


11 

476 

34 

X301-1 

S 

3 

79 

44 

X17.V5-4-1 

S 

7 

227 

59 

H4-5-1-.V11-4 

S 

3 

114 

38 

X173-10-.')-6-l 

s 

11 

442 

51 

TT4-8-7-.V1-1 

S 

5 

203 

67 

X182-8-1-2 

s 

13 

447 

61 

1146-J-4-4-(/ 


2 

43 

23 

XI82-8-2-8 

s 

0 

205 

72 

H47-91 


2 

48 

6 

XI82-8-3-3 

» 

5 

162 

62 

H80-4-21 


2 

65 

79 

XI82-8-3-4 

s 

6 

170 

69 

CC 12 

8 

7 

93 

0 

X182-8-3-7 

s 

6 

163 

59 

CC 29 


o 

53 

64 

XI82-79-1-1 

s 

3 

122 

57 

CC 146 


6 

176 

19 

X182-243-1 

s 

3 

78 

33 

WxWx 


2 

94 

66 

XI84-0 

s 

4 

127 

64 

Wxwx 


3 

101 

68 

X184-11-15-1 

s 

4 

108 

45 

AVXWX 


6 

203 

58 

X191-3-.3 

s 

1 

30 

31 

Trebi 8el. (many leaves) 6 

115 

0 

X191-10-2-1 

s 

9 

286 

68 

S.S. 1314 


1 

73 

34 

XI91-10-3-1 

s 

9 

347 

71 

Lion Wis. 117-28 

B, 

S 5 

147 

38 

Xl 91-24 

s 

6 

242 

57 

Mieliigaii 110 

2 , 

8 7 

123 

33 

X191-25 

H 

7 

229 

49 

Olli X Asplimd 


6 

210 

44 

X207J-3-1 

8 

3 

61 

7 

Tammisto 03639 


o 

35 

31 

X207J-3-3 

H 

3 

107 

8 

Taiiimisto 04432 


5 

117 

47 

X212-1 

8 

4 

152 

30 

Tammisto 09234 


4 

141 

58 

X217-27 

8 

3 

97 

16 

Belgian 

2 

4 

43 

67 

X217-57-1 

8 

3 

61 

2 

CP 170 

2 

6 

173 

45 

X217-62 

8 

3 

35 

0 

CP 127422 

o 

10 

265 

2 

X226-2 

8 

o 

31 

66 

Georgine Ped. 

o 

7 

181 

55 

X265-1 

8 

1 

30 

17 







•Parentage of hybrid selections arc as follo^^^^: 

X39 —Oderbruckcr (Wis. Pcd. 5—1) x Lion (Wis. 117) 

X154 —Odcrbrucker (Wis. Ped. 5-1, C.L 4600) x Korsbyg (Wis. 97-3) 

XIOS --X39-5-8-4-1 x Od. rbrucker (Wis. Ped. 6, C.T. 1529) 

X173 —X39—9-3-6—8 x Oderi)rnckcr (Wis. Ped. 5—1) 

X182 —Wis, Barbless (CJ. 5105) x Olli (C.T. 0251) 

X184 —Wis. Barbless (C.L 5105) x Peatland (C.l. 5267) 

X191 —Wis. Barbless (C.l. 5105) x JSewal (C.T. 6088) 

X207J—T'rebi (C.l. 930) x Wis. Barbless 

X212 —Chevron (C.I.lJll) x XI08-5-1 

X217 —TrebixWis. Barbless 

X226 —n4-8-15xX182-21-2 

X265 — Wis. Barbless xPillsbury (C.T. 7100) 

X301 —XI82-8-2-8 xP,(TrcbixPillsbury, C.l. 7106) 

H4 —Wis Barbless X Chevron 

IT46 —Chevron (C.l. 1111-5) v Brachytic (Minn. 78-4, C.l. 6572) 

H47 —Chevron X Trebi (C.l. 936) 

H80 —Chevron x Hillsa (C.l, 1004) 

b Sec table 5 fqr description. 

The results of varietal tests are Riven in table 5 for O.I. numbered varie¬ 
ties, and in table 6 for hybrid selections and niiscellaneous varieties. The 
C.l. nnniber, description, the number of tests, the total number of plants 
observed, and the averasre pereentaRc of infeetod plants on a weiRhted basis 
are Riven. If 2 cr more tests are recorded they probably were from differ¬ 
ent years. The weiRhted averaRe was determined by use of the total plants 
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in all tests of an individual variety. Names and descriptions of a larpce part 
of the tested C.T. varieties were "iven by Shands and Arny (18). Nearly 
all of the selections from hybrids listed in table 6 are G-rowed and smooth- 
awned. A small portion of the miscellaneous varieties listed in the latter 
part of table 6 are 2-rowe(l, and nearly all are roiijrh-awned. 

DISCUSSION 

The two varieties of barley used most frequently as inoculated controls 
in these experiments are Oderbrucker and Wisconsin Barbless. Oder- 
brucker had 48 per cent infection and Wisconsin Barbless had 38 per cent. 
This represents 132 and 106 tests, respectively, of about 30 plants per test. 
Infection percemtaj^es varied within Avide ranj^es, but it is thouf?ht that 
these averaj^es are fairly representative for these varieties. 

In order to obtain an estimate of the variability present and the per¬ 
centage of smut necessary to separate varieties, the analysis of variance was 
applied to the resultii of 40 varieties that had been tested for 4 consecutive 
years. The varieties were i>laced into two j^roups, those with less than 20 
per cent or more than 80 per cent infection and those Avhich had more than 
20 per cemt and less than 80 per cent infection. For the first f^roup the 
smut pereentaji^e necessary to separate varieties was lower than for the 
second p:roup, decreasin^^' as infection approached 0 or 100 per cent. Varia¬ 
bility Avithin a A^ariety as measured by the standard deviation was 7.7 per 
cent for the first jrroup and 14.9 for the second. On the basis of the 4 years, 
the amount of infe(*tion iie(*essary to differentiate A^irieties in the first group 
was 11 per cent, and 21 per c(*nl for the second. While these A^aliies cannot 
be applied directly to the results in tables 5 and 6, they can be used as a 
guide in interj)reting the data and for the separation of the varieties. The 
values A\’ould be larger foi* eom])arisons including less than 4 years' data 
and smaller for eomjiarisons incliuling moie than 4 years' data. 

Ill testing 300 varieties from the C.l. eoJlection a total of 4 had 100 per 
cent sinnt. Tlies<^ four A^arieties Avcrc (^.I. numbers 3808, 4033, 6199, and 
6424. Of more interest, hoAvever, from a plant-breeding standpoint are 
36 varieties which liad less than 5 per cent infeetion. In this group 9 varie¬ 
ties had no infection; they are as follows: 0.1. 668, 967, 1032, 1223, 1443, 
2208, 2226, 2497, and 6991. Evidently these Avere resistant, but infections 
iniglit oeeiir under conditions of more exteiisiA’e inoculations or Avith differ¬ 
ent races. The 300 varieties wore rather eA^enly distributed in different 
infection classes from 0-100 except for the 30-40 per cent groups and the 
classes containing less than 5 j)er cent. 

It is of interest to note the jiiace of origin of tlie varieties in relation to 
their smut reactions Avhieh are giA’eii in table 7. Abyssinia Avas the place of 
origin of the largest iinmher of resistant varieties, while varieties from 
Egypt and North Africa Avere generally susceptible. No tested variety 
from Russia was highly resistant. Several of the varieties from Manchuria 
had moderate resistance. China and India had a few varieties fairly resis¬ 
tant and several fairly susceptible. 
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TABLE 7 .—Source and numher of varieties in various infection classes when arti- 
f dally inoculated with Vstilago nuda 


Source or country 


Number of varieties in 5 infection classes 
0-3 4-15 16-30 31-00 61-100 


Abyssinia . 

Asia ... 

Australia . 

China . 

Egypt . 

India . 

Japan . 

Manchuria . 

Middle East . 

North Africa . 

Northern Europe . 

Kussia . 

Soutnem Europe. 

Total . 


8 

1 

3 

2 

1 


15 


7 
3 

o 

1 

6 

o 

8 
o 
o 

3 


1 




} 


6 

1 

1 

1 

1 

6 

7 

o 

2 

1 

4 

1 


5 
3 
1 
9 

3 
7 

4 
3 

6 

14 

11 


3 

1 

3 

18 


1 

1 

13 

9 

8 


37 25 66 


59 


Most of the hybrid seleetioiis friveii in table 6 uere tested for yield as 
well as for several diseases. Some of these hybrids were made before the 
parental disease reactions were learned, and some were made primarily for 
quality factors Therefore, many of the selections have no appreciable 
resistance to Vstilago nuda, while those with resistance have derived it from 
either Trebi (C.I. 9*16) or Dorsett (C.T. 4821). 

In table 8 is ^iven the loose-smut reaction of certain commercial barley 
varieties p'own in the United States and Canada. Most of the commonly- 
{?rown varieties were relatively susceptible. Trebi and Treeal were resis¬ 
tant, and Warrior had no infected plants, althouf^di the latter would doubt¬ 
less have some infection if studied more extensively. The Manchurian 
varieties varied in their resf)oiises to loose smut, O.A.C. 21 having/ 15 per 
cent and Minnesota 184 havinjr 59 per cent inft eted plants. IV^atland, Mars, 
Newal, riush. and Missouri Early Beardless are considered as susceptible 


TAREE 8.— Ijoose-smut Tcactions of aomr conirnt rcial barhy varieties grown in the 
United States and Canada 


Varii'ty 

C.I. No. 

Smut 

Baya 

7313 

Per cent 

32 

Glabron 

4577 

23 

Hanuchen .. 

531 

44 

Kilidreda 

6969 

78 

Manchuria N.D.'2]21 

2947 

24 

Manchuria Minn. 384 

2330 

59 

Majichuria O.A.C. 21. 

1470 

35 

Mars . 

7015 

64 

Missouri Early Beardless 

6051 

74 

Newjil . 

6088 

68 

Oderbracker . 

1666 

48 

Odessa . 

934 

41 


Variety 

C.I. No. 

Smut 



Per cent 

Olli 

6251 

40 

IVatland . 

5267 

60 

Plush . 

7030 

71 ■ 

Filter . 

. 6036 

34 

Bcfral . . 

5030 

48 

Spartan . 

5027 

49 

Trebi . . . . 

936 

4 

Tregal« . 

.... 6359 

0 

Velvet .. . 

. 4252 

26 

Vclvon . 

.... 6109 

25 

Warrior . 

. 6991 

0 

Wisconsin Barblcss .. 

5305 

38 


•Data by B. G. Shands. 
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varieties. Other varieties had less infection but are considered moderately 
susceptible. 

In breeding new varieties of barley, it is desirable for the new selections 
to be resistant to more than one of the major diseases. Shands and Arny 
(18) gave the stripe reactions for a fairly large number of barley varieties. 
The loose-smut reaction is given herein for 139 varieties recorded in that 
paper. There were 17 varieties that had less than ]5 per cent stripe and 
loose smut, a reaction that was considered resistant to each of the diseases. 
The following are the varieties and their ('.T. numbers: 

C.l. 936 Trebi 2318 Kharsila C.I. 6352 Cebada 97A 

1969 Chinese Black 2^38 Nigrum 6572 Brachytie 

2040 Canada AVinter 3402 Gujarklian 6991 Warrior 

2261 Piisa 4821 Borsett 7055 Titan 

2276 Gatami 4823 

2284 Black Abyssinian 5899 Murasaki Mochi C.P. 127422 

Trebi and Cebada are similar in their disease and agronomic responses. 
Both are large-kerneled and have a tendency to be high in yield under dry¬ 
land conditions. Titan and Warrior very likely derived their resistance 
from the Trebi parent. Dorset! and CM. 4823 are both black with brittle 
rachises and appear alike in many other respects. Brachytie and Murasaki 
Mochi are naked varieties and are not considered generally as good breeding 
stocks. Murasaki Mochi has a waxy endosperm. CM. 2284 is classified as 
an Abyssinian intermediate type with black kernels. C.P. 127422 is a 
2-row’ed variety of Cierman origin. 

A large proportion of the selections being tested in the Wisconsin breed¬ 
ing program now liave resistance to loose smut in one of the parents. Some 
of these selections are being tested for yields as wtH as disease reactions. 
Thus far the most promising source of resistance to loose sjuut has been 
Trebi. Unfortunately Trebi has a w^eak straw under Wisconsin conditions 
and most of its derivatives likewise have this undesii’able agronomic charac¬ 
teristic. At present, efforts ai'c being made to combine resistance to several 
major diseases w’ith good agronomic type and smooth awms. 

summary 

Several methods of inoculating barley varieties with loose smut have been 
compared. The most effective and easily manipulated method consists of 
injecting dry spores into barley flowers by the use of a hypodermic needle 
to which is attached a small rubber bulb containing ehlamydospores of 
Vstilago nuda. This is called the “needle” method and was used for test¬ 
ing varietal reaction. The reactions ol 300 barley varieties from the C.I. 
collection are given. Wide varietal differences in percentage of infection 
were found. Several varieties possessed a high degree of resistance to the 
composite inoculum. Many selections trom the breeding program have 
been tested for their response to V, nuda. Some of these are smooth-awned 
selections with loose-smut resistance and fairly good agronomic character- 
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isties. Efforts are beinjr made to eombine resistance to the several major 
barley diseases and g:ood aj2:ronomic type with good malting quality. 
Agricultural Experiment Station, 

Madison, Wisconsin. 
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SEED TKAxVSMISSION OF BACTEKIAL BLIGHT OF SUGAR BEET 

P. A. Aek and L. 1). Leacu 
(A ccepted fer publicutiun Api-il 2, 1946_) 

In the summer of 1943, the writers’ attentiou was called to a disease in 
beet-seed fields in northern California and southern Oregon which involved 
a rapid dying of the leaf blades, commonly beginning at the tip of the blade 
and gradually becoming systemic. Later investigation of this trouble showed 
the disease was bacterial in nature. Although certain aspects of this disease 
have been described (1, 2, 3), the winters have observed some new features 
that are herewith discussed. 

In 1909, Brown (1) described a bacterial disease of the leaves caused by 
Phylomonas aptatn. The disease was observed by Townsend in Utah and 
California in 1908 (1). Brown and Jamieson (2), reporting on the causal 
bacterium of this disease of sugar beet from California, stated that “so far 
as the writers know, this organism has not been found in the field attacking 
the beet root, and, as none of the field beets with affected leaves had any root 
trouble, it is thought that the disease in the field is confined strictly to the 
leaf.’’ Recently attention has been called by Carsner (3) to the occurrence 
of black leaf spot and stalk streak of sugar beet in the Pacific Northwest, 
caused by Ph. aptata. 

The disease has been observed in moderate amounts in the Shasta Valley 
of northern California and in the Medford and Willamette Valleys of Ore¬ 
gon, at elevations above 4,000 feet where low temperatures occur frequently 
during the growing season. It is difficult to determine the amount of dam¬ 
age caused by bacterial blight because of complications induced by frost, 
iuseet injury, and other causes. The disease has not been observed in fields 
intended for sugar production although a few leaf infections were found on 
an overwintering test plot at Davis, California, planted with contaminated 
seed. 

One of the striking symptoms of the disease in California and Oregon is 
the rapid dying of leaf blades. Under e.\cessively moist conditions the dead 
parts become slimy and necrosis spreads quickly into the veins and tin- 
petioles of the leaf. Sometiini® only isolated, black leaf spots are present. 
In other eases, necrosis begins in a wedge-shaped area near the margin of 
the leaf and spreads from there into the main veins and midrib, at times 
i-esulting in wilting of the leaf (Pig. 1, A and C). On the seed stalk, black 
streaks frequently extend from the tip to the ba.se (Fig. 1, C). Petioles in 
the early phases of the disease have light to jet-black discoloration in the 
fibrovascular bundles, and the stalk, upon being split longitudinally, has 
dark cavities containing numerous bacteria (Fig. 1, D). The discoloration 
can usually be traced into the root where invasion was observed (Fig. 1, E). 
Invasion of the stalks causes browji to black discoloration of the spikelets 
and discoloration of the seedballs, which on culturing yield the pathogen. 
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Microscopic cxaniiiiatiou of diseased tissues revealed an abiindaiiee of 
bacteria. Inoculation tests with isoJants from different parts of a diseased 
plant into younj? suj 2 :ar beets jjrrowinjr in the greenhouse were successful in 
all cases. Symptoms typical of the disease were produced on leaf blades 
and petioles when they were inoculated by puncturing with a needle or by 
smearing the inoculum on the surface and rubbing with carborundum pow¬ 
der (6). 

The bacterium isolated from various parts of the affected sugar>beet 
plants corresponds in all particulars with Phylomonas aptata, as described 
by Brown and Jamieson (2). 

The bacteria seem to prefer the vascular elements of infected plants 
where they were found in much greater numbers and far in advance of those 
in tlie surrounding parenchyma. 

SiiK'.c the disease is not (‘onfine<l to the leaves but occurs in any or all 
pai'ts of the })Iant, and may even cause death, it seems appropriate to apply 
a more descriptive and inclusive designation, namely, bacterial blight of 
sugar beet rather than leaf spot, or black streak, which are only phases of 
systemic inflection. 

('arsner (3) suggested, on the basis of his field observations, that the 
causal organism may be seed borne. The writers found usually not over 
5 to 10 per cent infected seedlings from any lot grown in pasteurized soil. 
If seed from the same lot was germinated in Petri dishes, about 50 per cent 
of the seedlings were infected. Diseased seedballs can be directed by direct 
microscopic examination of sections made from them, by culturing, and by 
giu'iiiination in Petri dishes or in sand. Such seedballs are noticeably dark- 
(‘iied (Fig. 1, F and G) but similar darkening may also be induced by insect 
injury or otlier causes. 

The first symptom in scihI lings grown from contaminated seed (Fig. 1, B) 
is indicated by a small depression on either side of the cotyledons which 
be<*omes water soaked, sometimes developing a light-yellow halo. Gradually 
the affected parts of the cotyledons become soft and black. One to several 
l(*sioiis may occur on a siiigh* cotyledon, resulting in distortion. Seedlings 
grown in high humidity develop lesiojis on the true leaves. Thus, the ])atho- 
gen can spread from infected cotyledons to other parts of a plant under 
favorable conditions of temperature and humidity. 

Seedling infection was cojitrolled iji the greenhouse by treating field- 
contaminated seed with New ImproA'ed Ceresan (ethyl mercury })hosphate) 
dust at the rate of \ oz. ])er 100 lb. of seed. New Improved Ceresan dij> 
(1-1,200), and Arasan (50 per cent tetramethyl thiiiram-disulphide) dust 
at the rate of 4 oz. |)er 100 lb. of seed (Table 1). From these tests it is appar¬ 
ent that the disease is seed borne. However, no attempt was made to deter¬ 
mine if the bacteria are ])rimarily surface coiitaminauts or if they aie 
internal. 

Brown and Jamieson (2) reported that Phytomonas npiata is capable of 
infecting the following plants by artificial inoculation: sweet or bell pept)er 
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TABLE 1 .—Hctd treatmcnia in control bacterial blight of sugar beet 


Treatment 

Healthy plants 

Diseased plants 


Xtimber 

X umber 

Per cent 

Check, no treatment 

176 

11 

5.9 

194 

12 

2.4 

New Improved Ceresan, 

Dust . 

226 

0 

0 


381 

0 

0 

Dip . 

270 

0 

0 

243 

0 

0 

Arasan, dust 

259 

0 

0 


272 * 

0 

0 


{(Uipsivum atnimtui L.), kidney heaii (Phascolus r}fl<j(tris 1j.), coiiiinoii 
plant {Solanum intlatigcuah. var. esculent am Nees.), and lettuce (Lacluca 
saliva L.). Paine and Brarifoot (5) in 1924 reported on a disease of lettuce 
which they first thought was caused by Phylomonas marginalis (Brown) 
Berf^ey et al., but later they attribiiled it to Pit, apfafa. It had affected 75 
per cent of the lettuce plants in a private j^arden in Eiigrland. The orj::anism 
also caused a leaf spot on nasturtium {Tropatolum niajus L.) in iiature 
aceordinji^ to Jaini(‘son (4). The writers were able to i)r(Kluce the disease 
on all of these plants by needle inoculations with the isolants obtained from 
many diseased specimens of siig:ar beet. In addition, Ihe broad bean (Vida 
faha L.) was successfully inoculated Avith Ph. aptaia Avhich produced long: 
black streaks on the stems of g:reenhouse-<»Town plants. . WJien the inoculated 
plants were transferred to a moist chamber the damagre was noticeably in¬ 
creased. Swiss chard (Beta vulgaris L. var. cicla L.) is also susceptible when 
the leaf blade or petiole is inoculated by needle. 

SUMMARY 

1. Phytomonus apiala, previously described as causing a leaf spot of 
sugrar beet, is now known to produce bbgrhtirig: of the leaves, black streaking 
of seed stalks, and internal root ne(*rosis. 

2. Seed from blighted stalks are heavily contaminated with the bacterium 
and produce diseased plants upoji germination. >Seed transmission was pre¬ 
vented by using New Improved Ceresan dust or dip, or Arasan dust. 

3. In addition to sugar beets, sweet pepijer, nasturtium, lettuce, eggplant, 
and beans, previously reported to be susceptible to Phytomonas apfafa, 
Swiss chard and broad bean have been infected. 

Division of Plant PATiioLocjy, 

University of California, 

Berkeley and Davis, (.'alifornia, 
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EFFECT OP MINERAL NUTRITION ON THE VIGOR AND 
SUSCEPTIBILITY TO BLIGHT OP OLD JAPANESE 
CHESTNUT TREES 


.1 . 1) . Dill k r , V . \V . Whittaker, a n d 
M . S . A N D E R s 0 N 1 

(Accepted for publication April 2, 1946) 

About 500 Japanese ehestiiut trees (Cfffianea crenata Sieb. and Zuee.) 
still survive from an original planting: of 2,500 trees made 50 years ag:() near 
Fairfax Station, \"irg:inia.‘-^ Most of these trees are in various stag:es of 
senility. It seemed desirable (/) to determine whether such tr^es could be 
benefited by the apjilication of plant nutrients, and (2) to observe the effect 
of fertilization on incidence of infection and the susceptibility of the trees 
to the chestnut bligrht fung’us, Endothia parasitica (Miirr.) P. J. and A. W. 
Anderson. 

In the spring* of 1944 sixty-four of the surviving trees, of about ei^ual 
vigor, were selected for treatment. They averaged 15.G inches in diameter 
at breast height (d.b.h.), 33 feet in height, and 31 feet in crown spread. The 
experiment included seven fertilizer trecitmeiits and a check. Bach treat¬ 
ment was replicated eight times in a randomized arrangement. Fertilizers 
were applied March 2, 1944, and a second application, of nitrogen only, to 
some of the trees was made on March 2, 1945. Tln^’potash and phosphate 
fertilizers were applieil in ‘‘i)nnch holes^’ 2 feet apart, and the nitrogen 
fertiliz(»r was broadcast. Of the 64 trees, 26 were iiuKUiIated on 9 lower 
branches of each tree during the winter (December 19, 1944, to March 2, 
1945) with 9 isolates of chestnut blight fungus from Orange, Massachusetts, 
and 9 from Bell, Maryland. One inoculation for each isolate of chestnut 
blight from each souice and a check of sterile agar were placed on each 
branch. The cultures were isolated in October, 1944, from young cankers 
on American chestnut sprouts. Results of the inoculations were observed 
and d.b.h. and carreut shoot-growth measurements were made on July 20, 
1915. 

The various tertilizer treatments and the shoot lengths obtained are 
shown in table 1. 

An examinatioji of tluj data by means of the conventional analysis of 
variance indicates the following conclusions: (./) Fertilization with potash 
and phosphoric acid had no significant effect on shoot growth. {2) Nitrogen 
at the rate of 150 lb. was 'without significant effect. (3) Nitrogen at the rate 
of 300 lb. increased the shoot growth significantly in 1944, but the second 
apidication, in 1945, had no significant effect. 

1 Rcspectivel.v, AsHouinto PHtliulogist, Divwioii of Forest Pathology, Chemist, jiiid 
Suiiiirr Ohemtst, Division of Soil, Fertilizer, and Irrigation Tnvestigjitions, Bure;m of 
Plant Industry, Soils, and Agricultural FngincMniiig, V, S. Deiiarlment of Agriculture. 

2 The authors wish to exiiress their appre»-iatiou to Mr. cniarles D. ITamcl, McLean, 

owner of the.orc.hnrd, for his eoo])era1ion. 
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Under the conditions of this test no fertilization except a very lieavy 
application of nitrogen had any significant effect. Slioot growth on the trees 
fertilized with potash and phosphoric acid was not significantly greater than 
on the noniertilized trees. The data do not permit statistical evaluation 
of the effects of climatic differences in the two years. 

There is no correlation between shoot length and trunk diameter in the 
trees in this experiment. 

The results of the canker inoculations are more difficult to interpret than 
are those of the shoot length. One Massachusetts and one Maryland isolate 
of the fungus produced no cankers at all while other isolates of each group 
produced only two to three. Some of the trees were susceptible, as evidenced 
by the cankers that developed following inoculation, and others appeared 

TABLT^] 1.— Influrncf of fertiliser treatmriit on current shot^t (/roicth of oO-ycar-old 
Japanese, chestnuts 


^ Portilization,!* Ib./aeiv 

A VO. totnl shoot loiigth per tree® 

1944 

1945 

Both years 



ent. 

cm. 

cm. 

1 

None 

3 75,d 

201.3 

37(5.9 

n 

800 lb, N nmiiKillv 

218.0 

225.8 

444.4 

<j 

150 11). N anmialh' 

192.8 

225.4 

418.1 

4 

300 lb. N oiipp 

223.1 

220.0 

449.1 


300 lb. N oupc + r-K in 1044 

190.8 

234.0 

433.8 

d 

150 lb. N aiiimallv hP-K in 1944 

194.3 

217.4 

411.5 

7 

.100 Ih. N jiiimiiillv t P-K in 1944 

205.4 

220.8 

432.1 

8 

P-K in 1944 

102.5 

187.8 

350.2 


“ Average total length of 10 shoots per tree, one tree per replicate, 8 replicates. 

•» Nitrogen apjjlied as aminoniuni nitrate. P-lv (100 11>. PoO-, plus 7o lb. IvjO) applied 
as superphosphate and K(ll, resjx'Ctively. 


to be entirely resistant. The data obtained are thus scattering:, with a great 
many zero values. This rentiers statistieai ti'eatinent difficult and of doubt¬ 
ful value. Nevertheless some of the ditfei’ences in number and area of 
cankers per tree are so large that there can be little doubt of their true sig¬ 
nificance. Table 2 presents the average number of cankers and canker area 
j)er tree for each fertilizer treatment. 

^yhen P-K was applied without nitrogen. Treatment 8 i all of the P-K 
treatments were a])plied a year befoi’c inocnlation), the incidence and sus¬ 
ceptibility to canker, as measured by the number and area of cankers per 
tree, i-espeetively, wcj-e both much greater than with all but one of the treat¬ 
ments that consisted of nitrogen only. This exception occurred where 300 lb. 
of nitrogen were applied annually (Treatment 2) in con.i\uietion with the 
Maryland blight isolates. On the Massachusetts i.solates this treatment did 
not appear to differ significantly from the other treatments with nitrogen 
only. But when nitrogen was applied in conjunction Avith P-K at the lower 
rate annually, or once at the 3()0-lb. rate (Treatments 5 and 6, respectively), 
it appears to have rendered the trees less su.sceptible. W hen applied again 
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at 300 lb. per acre near the time of inoculation it failed to give this result. 
This observation appears to correlate with the observation that susceptibility 
increased when 300 lb. of nitrogen without P-K were applied annually. 
With the exception just noted, nitrogen treatments without P-K. whether 
made once or annually, had no significant effect on canker incidence or area 
of cankers. 

The average size of the cankers varied, but in a jnanner that appears to 
have been random; there seems to have been no connection between canker 
size and the fertilizer treatments in this experiment. There was also no 
apparent significant difference between the Massachusetts and Maryland 
isolates in the average size of canker f)roduced (4.2 and 4.5 sfj. cm., respec- 

TABLE 2.— Effect of fertilization, on occurrence and development of hlitjht cankers 
induced hy inoculation of dO year-old Japanese chestnut trees 


Fertilization, lb./acre 

j>JO. 

No. of 
tre(‘8 

Av. No. of 
cankers 
per tree 

Av. canker area 
(sq. cm.) 
per tree 

Endothia isolates from Massachusetts 




a 

None . . 

3 

1.0 

2.4 

2 

300 lb. N annually 

.3 

l.C 

0.8 

3 

150 lb. N nnminllv . 

o 

1.5 

6.9 

4 

300 lb. X once 

4 

3.0 

5.5 

5 

300 lb. N once 4- P-K in 1944 

3 

3.7 

5.4 

6 

150 lb. X anniiallv + P-K in 3944 

4 

2.5 

5.7 

7 

300 lb. X aiiiiuallv j P-K in 3944 

3 

3.3 

19.3 

8 

P-K in 1944 

4 

3.0 

14.2 

Endothia 

1 

isolates from Maryland 

None . 

3 

1.0 

2.8 

2 

300 H^. N annually ... 

3 

2.0 

12.7 

3 

150 lb. N annually . . 

2 

0.5 

2.1 

4 

300 lb. N once 

4 

0.8 

3.4 

5 

300 lb. N once 4- P-K in 1944 . 

3 

0.7 

2.1 

0 

150 lb. N annually r P-K in 1944 

4 

2.2 

4.9 

7 

300 lb. X annually 4-P—K in 3944 

3 

3.3 

10.3 

8 

P-K ill 1944 *. . 

4 

3.0 

14.9 


tivelj') or in the total iininbor of cankers prodneed by each (52 and 46, 
respectively). Th<*re is thus no evidence, from this e.\periment, that the 
longer established group of Massachusetts isolates are any less virulent than 
the Maryland isolates that, ajtiieared more than 10 years later. 

It is clear that, under the conditions of tliis experiment, P-K applied a 
year previous to inoculation iiiereased canker incidence and susceptibility 
to the canker fungns. but this effect was modified in a complicated manner 
hy treatment'Avith nitrogen. The.se results arc of sufficient importance to 
warrant further study. Field observations made elsewhere during six grow¬ 
ing seasom- suggest that potassium chloi-ide is an unfavorable form of potash 
for chestnuts. The eurreut oh.servntions may thus be connected with some 
toxic action of die chloride ion. 

Plant Indi-stry Station. 

Bki.tsville, Maryland. 





KUST AND PHOSPHORUS DISTRIBUTION IN WHEAT LEAVES 

David G o t t m k b i a n- d J a m k s M . G a r x e r 
(Acceptt‘d for publication April 4, 1946) 

Despite the many years wliieh liaAc elapsed since the early work of 
Marshall Ward (113 and 14) on the i.>hysiolog:y of obligate parasitism, this 
complex is still in many respects an enigma. One of the phenomena which 
has been fairly well established is that the rusts and the powdery mildews 
increase the respiration of their hosts. As early as 1915 Reed and Crabill 
(12) demonstrated that apple leaves infected with Gipnnosporaiufium juni- 
peri-virginianae respire more than noninfected leaves. Yarwood (15 and 
16) showed that a similar change takes place when excised clover leaves are 
inoculated with either rust or mildew. Pratt (11) foiiiid that powdery 
mildew increases the respiration in wheat plants and also that the higher 
l ate is not due to the resjiiration of the mildew mycelium. More recently 
Allen (1,2, 3) has shown that in the powdery mildew of wheat the increase 
ill the respiration and metabolism occurs (hiring the period of rapid growth 
and maturation of the parasitic colony and that a decline sets in after this 
])erio(I. Associated with these phenomena is an accumulation followed by a 
d<icr«‘ase in the quantity of carbohydrates. This increased metabolism is 
mainly due to the oxidation of glucose. The importance of carbohydrate 
metabolism in the physiology of obligate parasitism is then evident. 

Some of the vital factors in the degradation of glucose are the phosphate 
transfer enzymes, and Janies and Bunting (7) have shown that such enzymes 
are also operative in barley, a host of stem rust. The importance of such 
liliosphorus enzymes suggests the ])ossil)ility that an accumulation of phos¬ 
phorus may be linked to the high rate of utilization of the sugars, so that 
an increase in phosphorus would allow givater enzyme transfer and a more 
rapid oxidation and respiration. Humphrey and Uufrenoy (6) have in¬ 
dicated that in oats infected with croAvn rust, phosphorus is released by in¬ 
fected cells and made available to the parasite, and they postulate a transfer 
of phosphorus into the infected regions. Little more is known of the phos- 
]diorus relations of infected h*aves. 

The current investigations had two objectives: (1) the <levelopment of 
a technique for the study of plios])horus relationships, and (2) a study of the 
distribution of phosphorus in normal leaves and rust infected leaves. 

METHODS 

The paucity of information on the physiology of obligate parasitism is 
due in large part to the fact that no means of culturing an i»bligately para¬ 
sitic fungus in vitro has been known. An investigator could obtain and 
study only the spores of the parasite ajiart from the host plant. Any re- 

1 Tliose studies were conducted while the senior author wns on the staff of the Uni¬ 
versity of Delaware. 

r»57 



558 


Phytopathology 


|VoL. 36 


search must therefore deal with activity of the i)athoj?en at work withiu its 
host. Humphrey and Dufrenoy ( 6 ) resolved this difficulty by the use of 
staining techiii(iues, but even this method had severe limitations. Quantita¬ 
tive data are difficult to obtain, and observations on the density of stain 
cannot be easily reproduced. To overcome such difficulties, a tagged ele¬ 
ment, radioj)hosphorus, was used in these investigations. The use of radio¬ 
active phosphorus enables the investigator to detect very small quantities 
of the element, for the assay is dependent upon the disintegration of the 
atom, and theoretically the presence of each atom can therefore be recorded. 
The m(‘thod is relatively simple because no eo^iplex chemical seiDarations 
are necessary. Finally, radiograplis can pictorially locate any differences 
in concentration of the element hi various parts of the host. As far as 
is known, the radioactive phosphorus, is metabolized by the living or¬ 
ganism in a manner similar to the common form of phosphorus (5) and 
its biologic activity is generally accepted as representative of the normal 
isomer. 

Only one host, Little Club wheat, and one pathogen, Pnccinia graminis 
frit id race 34, w’cre employed in these experiments.'"' The radioactive 
phosphorus, P'^'^, w^as obtained from the Massachusetts Institute of Tech¬ 
nology-* as phosphoric acid and converted to KH 2 PO 4 for these experiments, 
lloagland’s complete nutrient solution (9) was the basic medium for grow¬ 
ing the wheat seedlings, with but one change, the substitution of the radio¬ 
active phosphorus salt for the usual form. A Geiger eouuter (1) was used 
for the analysis of phosphorus, and ordinary Verichrome film served for the 
i-adiographs. The Geiger counter^ was mounted 0.5 cm. above the material 
to be analyzed. 

Wheat seeds were disinfected Avith mercuric chloride and allowed to 
germinate and groAv in a moist chamber until the first true leaA^cs just rup¬ 
tured the colcoptiles. The seedlings Avere then transferred to the nutrieiil 
solution contained in small circular glass dishes, 6 inches in diameter and 
3 inches high, Avhich contained .j-incli mesh Avire for support of the plants. 
When the ])laiits Avej-e about 100 mm. tall, one side of the distal half of 
each leaf was inoculated with the rust by brushing the leaves with a suspen¬ 
sion of uredios])ores in Avater; the ])lants Avere then placed in a moist cham¬ 
ber for two days. An equal Jiumber of check plants was treated similarly 
except that they received no inoculum. The plants were kept in a constant 
temperature room at 20° rt 2° C. under a 200-Avatt Mazda lamp during the. 
entire experiment. Only the first true leaf was inoculated and all other 
leaves Avere clipped off as soon as they appeared. Under these conditions, 
flecks first Avere observed 4 days after inoculation, and sporulation of the 

2 The Avh'*at fnruishtui by Dr. C. S. Holton of the States Department of 

Agriculture and llie rust by Dr. H. A. Rodeiihiser of the United Slates Department of 
Agriculture. 

The radionctive phosphorus was obtained through the courtesy of Dr. E. D. Evans 
of the Massachusetts institute of Technology. 

1 The counting equipment Avas obtained from Dr. A. ,7. Allen, Universitv of Pitts¬ 
burgh, 
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rust fiiugus (Kicurred 10 days after inoculation. No additional nutrient 
solution was added to the dishes until the fifth day after inoculation. From 
then on, sufficient solution was added every two days to bring it to the 
original volume. Radioactive phosphorus was present only in the original 
medium, and the normal inactive salt in all the later solutions. 

Four plants were used for each analysis wuth the Geiger counter and 
three replicate analyses were made 2, 5, and 12 days after inoculation. The 
leaves were used either whole or cut into Iwo sections, the infected distal 
end and the noninfected basal portion. Each leaf section was further 
divided into :J-iiich sections to facilitate digestion. These tissues were dried 
at 90° C. for 8 hours and their dry weights determined. Digestion was 
carried out by adding 20 ml. of concentrated nitric acid to the leaves and 
the mixture heated on a w^ater bath for two hours. This treatment com¬ 
pletely dissolved the tissues. Enough water was then added to bi'ing the 
total volume again to 20 ml. An aliquot of 0.2 ml. was placed in the stand¬ 
ard dei)ression slide and heated at 56° C. until dry. Uniform films were 
thus obtained. Treatment of the urediospores was similar to that of the 
leaves with few modifications. Leaves of the 150 wdieat seedlings W'ere 
shaken over an evaporating dish and the urediospores collected by brushing 
them directly into drying dishes. After drying, the spores were found to be 
resistant to complete digestion with nitric acid, and aqua regia was used in 
its stead. Three such slides were made for each determination. All re¬ 
sults recorded w’cre obtained by averaging the counts from the three aliquots. 

For the actual determinations a small Geiger tube, sensitive to beta 
I'ays, was mounted in a woodem frame so that when the slides were placed 
beneath it, the plane surface of the slide was 0.5 cm. from the tube. Tw^enty- 
ininute background counts w’^ere made before each day^s analyses, and all 
counts on the tissue digests were made for 10 minutes. Preliminary 
studies with longer exposures showed no gain in accuracy. Because radio¬ 
active phosj)horus continuously and irrevocably disintegrates, corrections 
for the time* interval between the cli])ping of the leaves and counting were 
made from a decay curve (5). The active idiosphorus w^as recorded as 
counts per gram dry weight, to which it is directly proportional (5). All 
figures have been rounded off to the third digit, because in these analyses 
only differences in the first two digits were important. 

To follow the changes in the distribution of xffiosphorus, radiograi)hs (5) 
of the leaves w^ere made every second or third day after inoculation of the 
seedlings. Fresh green leaves were mounted on glass plates with trans¬ 
parent cellulose tape, through which the beta rays from the P'*= can pass. 
Tliis type of mount was easy to handle and also preserved the leaf in a green 
condition for regular photographs. Verichrome film was placed against the 
mount, and it in turn was covered with a glass plate. 

absorption and distribution op PHOSPHORT’S 

The infection of leaves of liittle C^lub wheat with Pucclnia graminis 
iritici does not appear to affect the total amount of phosphorus in the leaves. 
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TARLK 1 .—Concnnlration of ratlioartivf' phosphorus in inoculated and noninocu- 
lated leaves 


No. days after 
inoculatioTi 


2 

5 * 

10 

Average 


Counts of radioactivity* 

Tnociilated leaves Noniuoculated leaves 


1(5,400 

24,500 

22,300 

21,067 


22,100 

17,800 

21,300 

20,400 


* Counts were recorded on tin* basis of counts per Jfrani dry weight. 

A comparison of the radioactive phosphorus in the Avhole leaves of inocu¬ 
lated and noninoculated i)lants reveals no consistent differences in the 
amount of that element (Table 1). When all replicates were averaged, how¬ 
ever, a slightly greater concentration was found in the inoculated seedlings. 

The total amount of phosphorus absorbed by the plant was not signifi¬ 
cantly influenced by the disease but its distribution within the leaf was 
affected. More phosphorus was present in the distal parts of all leaves than 
in the basal parts. The difference in concentration between the two parts 
of the leaf was, however, much greater in inoculated plants than in the 
check plants. This increased'accumulation in the infected distal portion 
was consistently greater in all the replicates, even though the phosphorus 
determijiations were made at intervals from the second to tenth day after 
inoculation. Oji the average, the difference in idiosphoms counts between 
the distal and basal leaf sections were twice as great for the seedlings in 
which the upper part was iiifec^ted as for th(^ normal j>lants; the ditfereiiees 
were 4,667 and 1,967, resT)ectively ( Table 2). 

Because of the possible presence of extraneous radioelements which 
would confuse the results, analyses were made on leaves grown in the normal 
lloagland^s solution. No radioactivity was detected in those leaves. There¬ 
fore, all measured activity in the leaves was due to the beta rays emitted 
by the P‘^-. 

To study the reason for the increased amount of phosphorus in the in¬ 
fected portion of the leaf, radiographs Avere made at various intervals of 


TAPLjK 2 —DisfnliiitioH nf raditHiclin phn.'iphorus in leaves 


No. days 
after 



(/OUJits of radioact ivity 



1 Inoouljitod lo:ivoH» 

Noiiinoenlatod le.' 

IV es 

inoculation 

Distal 

s<*otions 

IbiHiil 

seotions 

1 >i]ffer«»no.e 

Distal 

sections 

Dasal 

sections 

DifTorence 

o 

5 

12 

Average 

18,700 

27,000 

24,500 

23,400 

14.100 

22.100 
20,000 
18,733 

4,600 

t,900 

4,50(» 

4,(567 

23.400 
18,500 
22,300 

21.400 

20,700 

17.300 

20.300 
19,433 

2,700 

1,200 

2,000 

1,967 


• Distal sections were in feet ofl A\itli rust, basal sections wore not infected. 
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Fra. 1. Eadioeraphs and photographs of I’lu'Hnm i/raminin Iritiri on Little Club 
wheat taken on various days after inoculation. A and B. KadiograjA ^d photo^apli, 
2nddar C. VotograV, 4th day. D. Badiograph, 5th day E and P. ^drograph and 
photograph, 6th day. O and IT. BinUcgniiih and photograph, 7th day. I. Badiograph, 
8th day. 


(lav, and sporulatiou on tin; ninth day after inoculation. In radiographs 
made on the second day after inoculation phosphorus was evenly distributed 
in the leaf. On the fourth day. coincident with the period when flecks were 
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beeoiniiig visible, cliffcrenees in the density of the negative were observed. 
At this time the differenees in density of these areas of the leaf were not 
sufficient for good reproduction. From then on, as the flecks became 
further differentiated, the density of the film in the infection court increased 
until the ninth day when the spores began to rupture the epidermis (Fig. 
1, D, E, 6, and 1). 

l*hotogra])hs were made of the leaves that were exposed for the radio¬ 
graphs. Some of these are ref)rodueed in figure 1, B, C, F, and H. A com¬ 
parison of radiographs and photographs showed that the phosphorus is con¬ 
centrated in the infected areas of the leaf, dt is apparent then that rust 
infection stimulates tlie accumulation of radioactive ph()S])horus in the 
diseased areas of the plant. That the images of the leaves and infected 
areas are due to the radioactive phosphorus was demonstrat(»d by plaeijig 
two leaves side by side, one from a seedling in a nutrient solution contain¬ 
ing radioactive i)hosphorus and the other containing normal i)hosph()rus. 
Only the leaf containing the radioactive material affected the film and left 
an image on the negative. The entire series of i)lants for the radioaedive 
studies were rerun and similar results were obtained. 

The accumulation of unusually large quantities of phosphorus in the in¬ 
fection court might be due to two causes; either phosphorus is deposited in 
the urediospores or mycelium of the fungus, or in the infected cells of the 
host. Bccaust‘ of the difficulties in separating the host tissues from the 
mycelium of the parasite in quantity large enough for analysis, no deter¬ 
minations could be made on the components of this complex. However, the 
urediospores were collected and analyzed. Radiographs of the si)ores in- 
dicat(*d the presence of The specific activity of phosphorus contained 

in the spores was less than the mean average of both infected portions of 
leaves and of entire healthy leaves. The s])ecific activity of the spores was 
17,200, for the entire noninoculated leaves it was 20,400, and for rusted 
leaves 21,067. AVe eai] assume, therefore, that the increased aeeumulation 
of phosphorus in the infected areas of the plant was not in spores but might 
be in infected host cells. Another possibility does still exist, namely, that 
the accumulation is in the mycelium of the rust. 

DISCUSSION 

The effect of Vnccirna graminis frUici on the phosphorus distribution in 
infected wheat leaves is similar to the effect of rusts and mildews on the 
plant carbohydrates: in both cases the* materials are concentrated in the 
invaded ar^^as of infectc'd leaves (3, 12). Tf studies from both obligate 
parasites, the rust and the mildew fungi, can be considered as complemen¬ 
tary, a picture of some of the physiological resjionses in obligate i)arasitism 
can be reasonably formulated. The pathogen is dejiendent uj)on its host 
for carbohydrates. Any ujifavorable conditiojis such as light, temperature, 
and nutrition, which prevent normal plant vigor and synthesis of carbo- 
b;^'drates, reduce the supply of sugars and also the virility of the pathogen 
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on its host. As a reaction to the increased nutritive demands of the parasite, 
sugars and phosphorus accumulate in the infected areas of the leaves. The 
augmented phosi)horus supply might permit a greater activity of the phos- 
phorylating enzymes of intermediary sugar metabolism. Thus the in¬ 
creased amount of carbohydrates would be consumed and respiration con- 
se(iuently increased. Eventually the demands upon the hosts cells are too 
drastic or some toxic action ensues, and necrosis occurs. 

Unfortunately, it is not known whether the concentration of phosphorus 
and carbohydrates is in the fungus mycelium or in the host cells; in either 
case an increased respiration of the infected tissues would result. Hum- 
])hrey and Dufrenoj’' (6) indicated that the mycelinm receives its phos¬ 
phorus from the invaded colls and that the spores are ‘‘rich in phosphorus.’’ 
However, analyses of urcdiosporcs revealed no such undue accumulation, 
for less radioactive phosphorus per gram dry weight was found in the 
spores than in either infected or normal leaves. It is plausible to conclude 
that the concentration of phosphorus might be in the inft'cted host cells. 
Whether the increased amount of phosphorus in rusted areas is due to a 
specific action of the parasite or is merely a general reaction of plant cells 
to injury and irritation is still undetermined. However, studies of in- 
jur(‘d animal tissue indicate that, even without the i)reseuce of a parasite, 
])hos])]iorus eomjxnuids are sometimes secreted into the damaged areas (4). 
Veast cells also secrete the phosphorus compounds when subject to mild 
irradiation with X-rays (8). Until furtluT studies are made, any inter¬ 
pretation of the cause for the coii<‘enti*ation of phosjdiorus in tissue infected 
by obligate parasites must be aece])ted with reservation. 

SUM AI ARY 

1 . Xo consistent differences in total content of radioi)hos])horns Avere 
found between entire rusted and healthy wiieat leaves. 

2. In inoculated leaves the differences in idiosjdiorus content between 
the infected distal portion and the noninfected basal portion of the leaves 
Avere miudi greater than the differences of similar areas in ln‘altliy jdants. 
Tln» distal ])arts ahvays contained more phosphorus. 

3. The ])hosi)horus Avas acciniinlated in rusted parts of leaves and con¬ 
centrated in the areas iiiA^aded by the parasite. 

4 . Tlie concentration of radiophospboriis in the urediospores was less 
than in the leaves. 

Neavark, I)elaa\ are, and 

Dei'aktment of IIORTJrin.TURE, 

UniA'Ersity OF Illinois, 

Urbana, Illinois 
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of excised clover leaflets. Jour. Agr. Bes. [11.8.] 49: 549-*-558. 1934. 



DIPLODIA DIB-BACK OF OlJAYl'LE (PAKTHENITTM 
ARGENTATIJM GRAY) 


John T . r r k s l k y i 
(Accepted for publication April 15, Ji*4b ; 

INTRODUCTION 

A die-back of {.mayiile caused by Diplorlia thtnhronuH {D. natalensis) 
(Pat.) Nowell,"* occurred in southern Texas duriiify the snnmier of 1944, and 
was first observed followirifr the siiininer rains. In two-year-old irrif,^ated 
plantingfs, where the crowded condition of the plants favored the disease, 
practically every plant was infected and many plants were dead by mid- 
October. In dry-land plantinjrs and in one-year-old irrigated plantings infec¬ 
tions were few and there was relatively little daniajre from the disease.^^ Dry 
weather retarded the disease and durinjr the winter funj^iis activity ceased 
entirely. With the return of hij^h temperatures and rain in the spriiij? of 
1945 many of the old lesions ajrain became active. In addition to the old 
lesions, the pycnidia which were produced in abundance on tlie diseased 
})lants furnished abundant inoeuluni for new ])rimary infections. 

SYMPTOMS 

Infection generally starts in the leaves or small twigs and progresses 
downward. In the field the leaf infections begin as ii*i*egular necrotic lesions 
which soon coalesce. The leaves die, generally from the tip, with pronounced 
yellowing of the leaf after one-half of the blade lias been killed. Infections 
that begin on small twigs soon progress downward and involve the larger 
branches. When the lesion has nearly girdled a large branch the leaves 
become yellow’ and the diseased branch is Vf^ry (*onspicuous among healthy 
foliage. As soon as the branch is completely girdled it dies (Fig. 1, C). 
When infection occurs near the ground line the entire jdaiit succumbs as 
soon as it is girdled by the fungus lesion. After the plant or branch dies, 
l)rovided moisture conditions are I'avorable. black pycnidia of the fungus 
develop under the diseased bark and erupt as elongated black carbonaceous 
masses (Fig. 1, D). 

INOCULATIONS 

Md/fofis 

Experiments w’ere conducted at Salinas, California, to determine the 
effects of temperature, moisture, and age of plant on in Feet ion by Diplodia, 
Pycnidial material for the cx]ieriment was collected from diseased plants 
in Texas in October, 1944. A spore suspension was obtained by soaking 

1 Formerly PntliologiHt, Spceinl liiiii.Miio Ki-searcli Project, V. S. Uepartmeiit of 

Agriculture. . . . 

2 detoriiuuatioTi of the organism was inmle l>y .lohii A. Stevenson, Division 
of Mycology aiid Disoiise Surver, T'. S. IViMiitniciit of Agriculture. 

a Presley, John T. Pl]ilodiii die Icick of ftiuiyule. C. S. l>e]it. Affr., Plant Dis. 
Beptr. 29 : 04. 1945. 
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Pig. 1. JJiphnVia thnthrotiiar. A, .spoivn; H, permiii.-itiiig spores; (!, 2-vear-old 
^iia.vole plant oiir (linoased hraiieb: juid J), j>yenidifi on two diseased luaiudies on 

leff, healthy hraneh on right. 

and ajritatiiifr the pyeiiidial material in flasks of distilled water. The 
g’uayule plant material and seed nsed in the experiments were of the stand¬ 
ard variety No. 593, and were ])Iaeed in tem])erature tanks at the beginning 
of the experiment. 
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The first experiment consisted of tliree treatments: (1) Guayule seed, 
100 in each pot, were planted in pots of pasteurized soil, and the soil surface 
sprayed with a suspension of Diplodia spores. (2) The leaves of ta-an.s- 
jdanted nursery stock that had been permitted to j^row for six weeks in 
8 -ineh pots were punctured to simulate insect injury and sprayed wdth the 
spore suspension. (3) The noninjiired leaves of similar transplanted 
nursery stock were sprayed with the spore suspension. 

Plants of two ditferent j»«res were used in the second experiment. The 
first consisted of transplanted nursery seedlin«;s that had ^rowii for eij::ht 
weeks in the f^reenhouse and had reached the fiowerinj^ stafye, but with all 
of the leaves still frreen aiul active. The second consisted of older plants 
that had fjrrown in pots outside the *rreenhouse for many months. These 
])lauts were in a hardened <'ondition and had many dead leaves on the lower 
])ortions of the steins, and they were very similar to field-^yrown fcuayiile. 

All plants were s)>rayed with the spore suspension, placed in tempera- 
tui*e tanks, and the containei*s covered to maintain a hijrh relative humidity 
around the plants. The plants were then s])rayed with tap water at one- 
hour intervals throu^di the day to insure a film of water on the leaves. At 
the end of 24 lionrs four containers at each temperature had the covers 
removed. These and the covered plants were sprayed at intervals throu!y:h- 
out the day with water to keep them moist. After 48 hours a second series 
of four covers was reimned and all of the plants sjirayed throughout the 
day as before. An achlitional series had the covers removed after 72 hours 
and 96 hours. 

Three inoculated and mu* check plant for each treatment were used at 
<*ach temj>erature. ranjjin.ii' from to 100'^ K. in increments. All 
]ilants were ]>laced in the temperature tanks ami allowed to stand for 12 
hours for temp(*raturc adjustimmt before bein^^ spi-ayed with the spore sus¬ 
pension. A small ha ml sj)i-ayer was used and eacdi ]>lant was sprayed until 
tJioroii^hly wet with the spore suspension. Subsequently the plants Avere 
watered as needed to keej> them vijrorous. 

A ‘iormination test c>f the funjriis spores proved them to be viable 
L A and B). Dry slides covered witii s])ores were placed in moist chambers 
when* the humiility was maintained at 100 per cent; also, slides with spores 
in drops of distilled water were k<*pt in moist chambers. The spores in the 
di’ops of water <rerminated aftei* about four liours at room temperature (70° 
to 80°) (Fijr. 1, B), but it reepured almost a full day for o-ermination of 
the spores on the di’\’ slides maintained at 100 per cent humidity. 

S( suits 

Experiment Tmilmt nt 1. The plants be^mn emerj.dnjr after four days 
at 80° and 90° F., two Uf tln*ee days later at 60°, 70°, and 100°, and after 
two weeks in tlie 50° taidv. Soon after emerpfence some of the seedliuju^s at 
70°, 80°, and 90° had symptoms of dampin^^-otf. Four seedling's damped-off 
at 70°, 4 at 80°, and 5 at 90 F. Diplodia was isolated from all the diseased 
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seedliii{ 2 :s. Counts of emer^^ed seedlings after 14 days at the various t<»ni- 
])eratures demonstrated that DipJodia eaused appreciable loss only at 80° F. 
(Table!). 

Experiment i. Treatments 2 and //. Three days after beiiij^ sprayed with 
the spore suspension there was no apparent infection of the plants at any 
temperature. These i)lants were .sprayed with the spore suspension 

on March !0 and half of the i)Iants in both treatments were covered in order 
to hold the humidity at a hijrh l^wel and prevent drying: of the film of w^ater 
oil the leaves. On March 12 some of the covered plants at 80°, 90°, and 
100 ° P. had symptoms of Diplodia infeidion o:^ the leaves and small twijrs. 

Isolations were made from the visibly infected twi*r« and Diplodia was 
recovered from all of the platinjrs. Isolations were also attempted from 
twijrs without visible infection symptom.s. For all of these platiujrs, a por- 

TAULE 1. — J£mrrf/<(1 ffvnyulr sfcdPuff/t nftrr // days in /toil inff slrd with Diplodia^ 
at various temperatures 



Emerged N(‘edliiig8, 


Soil 

inoculated soil 

(Jheek 

tempera tun* 

Average of 


'A replieat(‘s 


Degrees h\ 

\umher 

Numher 

no 


16 

60 

47 

41 

70 

:i9 

46 

80 

‘J6 

4;i 

90 

L’9 

81 

100 

16 

16 


tion of the twi^rs was surface stiu’ilizeil for two minutes in commercial Clorox, 
full strenp:th; the remaining* ])ortion was not surface sterilized but was 
washed thoroujrhly in distilled water and plated. In the hijiher temperature 
series, Diplodia was recoveivnl from both surface-sterilized and Jion-surface- 
sterilized material, indicating- that the funjiiis had penetrated the ])Iaiit 
tissue. Diplodia was re(*overed from the uon-surface-sterilized but not from 
the surface-sterilized material at 50° F., indicatin**^ that inoculum was pres¬ 
ent in a viable condition, but the temperature was not favorable for infection 
to take place. 1 here a])peared to be no diffenmee in amount of infection 
between treatment 2 and treatment 3. This test established the patho- 
jrenicity of Diplodia on ^uayule at certain temperatures, hence an additional 
test was needed to establish the moi.sture-time relationship of the infection. 

Experiment 2. Final observations were made on March 26 (six days 
after spore susxjension Avas applied) and photographs taken of the plants 
that ban bi»en covered for 48 hours (F'ig. 2). The results at the various 
temperatures are given in table 2. 

Plants from the 100° F. tanks were Jiot included in the phot(>j»raphs be¬ 
cause of the comj)lete break-down of the leaves on both young and old plants 
at that temperature wlien co^'ered for two days or more. The high humidity 
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and hifrh temperature a,9iuft together aj»pHrentl.v were responsible for the 
break-down. In the first experiment the nneovered eheek plants at 100*^ P. 
survived, henee the eoverincr at 100^' seems to iiave iiad some effect other 
than aiding: fiing:us i)enetratioij. 



Fig. 2. (Tii.-iviile iiioculattMl with Diplodia fhrobromar. A, effoct of induced disoa.st* 
on hardoiii'd plants at indicated tcin]M*raturcs and time intervals. B, effect of inocula¬ 
tions on yoimjr succulent plants at irnlicated tein])eratures and time intervals. 


Discrssio.v 

The iiKXMiiation tests established the tact that a higJj ndative humidity 
and lng:h air t(*mperatures art^ necessary for rapid infeidion by Diplodia, 
Infection takes place more <|uickly in tdder hardened jilanls than in 
yonng:er vigorously arrowing: j)lants. Dead leaves on the plants definitely 
favor infection, perhaps because the fiiiijrus jrrows saprophytically for a time 
on the dead leaves and then ])cnetrates the green tissue. The rate of decline 
of infected plants is also markedly influenced by temperature and humidity. 
At all tem])eratures iij) to and including fK)^ F. there was no apparent fungus 
injury to the plants during the first 24-lionr period when they were eovered. 
At 48 hours and subsequently, there was definite fungus injury at tempera¬ 
tures above (>0°; henee it may be condutled tliat in an area sneh as south 
Texas during the rainy period in late summer when temperatures are high, 
the rains frequent, and the relative liumidity high, infection by Diplodia 
will take place. Optimum conditions for infection do not occur every sunn 
mer as evidenced by the fact that guayule plantings had been in south Texas 
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TAHLR y.™ 

■InfvcHoti of ffttaifulf' plattiti hi/ Uiplotha ns iiiflmitcid bp hinnidii)/ at 

ratio lift 

Innprraturrs 


Days 

covcicd 

Tern per 
turc 

'* Young plants 

Old plants 

No, 




1 

50 

No visible svrnptom 

No visible sviiiptoin 

o 


do 

do 

;] 


do 

do 

4 


do 

do 

J 

60 

do 

do 

o 


do 

do 

;; 


do 

Sligfit damage to older leaves 

4 


do 

Tij>s of healthy leaves slightly af 




fectc'd and older leaves more so 

1 

70 

do 

Slight damage to liealthy leaves 

•'1 


do 

Pronounced damage to the leaves 




and somt‘ twig infection 



Necrotic areas on most of tin* 

Proiioimced damage to the leaves 



lower leaves 

and some twig infection 

4 


Necrotic areas on most of the 

J’roMOunced damage to the leaves 



lower leaves 

and some twig infection 

1 

80 

No visible sym])toin 

No visible symptom 

O 


Slight necrosis on lower h‘avt“^ 

Definite infection of stems and 
pronounced damage to the 
i(‘aves 

1 pl.aiit dead and 1 partly dead 



Pronounced necrosis on lower 



leaves 


4 


Practically all leaves sev<Tely 

1 ]»lant dead and 1 partly di*ad 



affected and dying 

1 

90 

Slight necrosis of lower h‘aves 

No visible symptom 

o 


Necrosis more pronouiic<Ml 

1 plant completely d<‘ad, 1 partly 




d(‘ad 

t> 


Kuther general infection of 

Doth plants dead 



leaves (‘xcept at growing ti]» 
of plant 


4 


1 plant deadf other se\erel\ 

1 plant dead, other severely af- 



aflTected, most of the leaves 
dead 

fecred 

■I 

100 

1 plant very slightly necrotic. 

Fi‘w dead twigs and extensive 



other severely damaged 

leaf injury 

•Ja 


All leaves dead when uncovered 

IMants severely affected, many 




twigs dead 



All leaves dead when uncovered 

Doth plants dead 

4 


All leaves dead when uncovered 

Doth plants dead 


it The complete breakdown of the leaves on l»otli old nud young jdauts when covered 
for 1! days or more at 100*^ apparently resulted from factors other than fungus invusioii. 


more than two years before an outbreak of Diiffodht of suffieient severity to 
eaiise appreeiable damage was recognized. 

The closely related species ParthfniinH invintHm known as 

mariola, is also susceptible to Diploclia. Tlie infection was evidenced by 
pronounced spotting of the leaves but no bram-hes or twigs were killed on 
the plants inoculated. It may be assumed that under the conditions of 
the experiment mariola is less susceptible to Diplodia infection than gnayule. 

SUMMARY 

Diplodiii iheohromae caused a severe die-back of 2-year-old irrigated 
guayule in south Texas in late summer and early fall of 1944. Younger 
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irrigated shrub and 2-year-old shrub on dry-land plantings werr not appre¬ 
ciably affected. 

Inoculation experiments demonstrated that spoi’es in the soil fould cause 
the loss of small seedlings, espe<dally at 80'’ F. Leaf anti twig infectious 
in the greenhouse were dependent upon high humidity for 24 or jnore hours 
and temperatures of from 80° to 90° F. Hardiuied plants with old dry 
leaves were more susceptible to infection than young sut-culent plants with 
green active leaves. 

Mississii’Pi Agricultural ExPKRinKXT Station. 

State College, Mississippi. 



PJlYT()PATllOL()(iI(^AL NOTE 

Cop/jt r s-Quitut^llufthth, a Proutisnuj P/zy/r/Zr/V/r.--Prelimiiiaiy labora¬ 
tory and field tests liave indieated tin* p<»ssible use of an orjranic* <*oinj)ouiid 
for the eontrol of plant tliseases. In jrlass-slide funjrieide tests the eomt)onnd 
8-(iiiinolinol and its eoj»j)ei* derivative Avere both liiji:hly toxie to i^clrrotmia 
fruciicold, having an L.D.oO ran^e of less than l.o jnierojrrams per sq. cm. 
of jrlass slide. Ohlorine substitution on the 5 and 7 positions of these parent 
compounds decreased toxicity to an L.D.oO of 50 .^fud 200 microjrrams ]>er 
sq. cm. of jiflass slide*. i*(*spectively. while bromine substitutions in the same 
j)ositions deereaseel toxicity to an L.D.50 of 400 ami 1200 micro*::rams, 
respectively. 

In 1945 these materials Mere used in field tests for the control of apple 
scab and blotch. ()tlu‘r materials used for eomparisoji Mere Puratized N5--E 
(10 per cent idieuyl juercuri triethanol ammonium hu-tate), Isothari Q 15 
(20 per (*ejtt lauryl isocpiinolinium bromide), Lsothan Q *12 (20 per cent cetyl 
isoqui»iolinium bromide*), and Eeiaiiate ( ferric iIimethyldithiocarbamat(*). 

A 30-year-old Idock of Duchess apph* trees Mas divided into sin<-de-tree 
blocks Mith three siji*rle-tree replieatiojis per treatment. Spray applications 
were mach* on A])ril 27, May 9 and 23. dune 1. 11. and 22, and July 11. The 
first spray, April 27. was at tiu* early bloom j)ej*iod and contaijied only the 
respective funfri(*ide treatments. The five succeeding a|>plications contained 
the fungicide plus 3 lb. of lead arsenate and 3 lb. of hydrated lime to 100 
gallons of water, excejit that lime Mas omitted from sjirays contHiiiiiifr Fer- 
mate. Fermate in itself is an arsenical safener. The other futnricide. treat¬ 
ments are not kuf)M'n to be arsenical (Mureetives, thus lime M^as added Mdien- 
ever lead arsenate* Mas use<l M’ith them. The last appli<*ation on July 11, 
contained only tlie fnnjiicide treatmejit. The amount of eaeh fungicide used 
to 100 gallons of spray is shoMii in table 1. Final fruit records >vere taken 
on July 25 (Table 1). 

Although 8-(|ui]ioliuol ami its co})per derivativi* Mt re botli higldy toxic 
in the laboratory, tlie former did not retain its toxicity in the field and M"as 
the least effective of the six materials tested. This might possibly be ex- 
})lained by its higher solubility in Mater, Mdiich would ttrevent less residual 
toxicity to be retained. Tiie cojtper content of the latter may have increased 
its effectiveness in the field o>er the parent compound. Copper 8-quinolin- 
olate, Mas highly fmm-ieidal and ezmipared favorably Mdtli Fermate and 
Puratized N5~E 1ii controlling scab and blotch. Commercial control was 
not secured M’ith lsothan Q 15 atid Q 32. 

Under the cotubtunis «)f the trial there M'as no visible fruit or foliage 
injury from any of the six materials tested. Fruit analysis (Table 1) of 
acid and soluble solids indicated that the fungicidal treatment affected indi- 
rectl^’ the maturation. This fruit maturation difference M"as apparently 
directly correlated M'ith fungus infection in that the more severe the infec¬ 
tion, or the less the control, the higher M^as the degree of maturation. 
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TABLiK J .—JSfjficacjf of S-qainoUpnd anil its copper fh rivalivr in th* vu.ilrttl of scab 
and blotch on Duchess apple in im.j 


Kruit niialysos 


Ppreeutage of fruit 
infected 


TreatineJit 

Amount 
to 100 gnl. 



of water 

] Vr cent 


acid 


Ferniate . . . 

1 

Jh. 

1, 

..3S 

( 'll S-(|niiu)litiolate . 

J 

11). 

1. 

.31 

Piiratized N5—B 

.1 

pt. 

1. 

.50 

T.sotlianQ15 . . 

1 

r»t. 

1 

.31 

Tsotlian Q 32 . . .. 

1 

pt. 

1 

.32 

S-<|uiiioliiiol 

1 

11). 

1 

.20 


INt cent 

Pegri'o 

of 

inatur- 

ationa 



.solul)le 

soliils 

Seal) 

Blot til 

S.7 

M2 

37.S 

0.1 

S.7 

M 3 

1 / .■» 

0.7 

S.7 

M 1 

11.1 

7.0 

0.4 

M 3 

3H.P 

54.0 

lO.o 

M 3 

42.3 

00.1 

0.3 

Ml 

10.7 

86.2 


“ M 1, M2, M3, M 4 " advancing degrees nf maturation. 


The <M)inpoiui(l eopper inflate shows L*onsiclerable j)i*oinis«' as a 

pi-oteelaiit for n])])Ie sc^ah an<l blott'h. 

The writer wishes 1o exim^ss ap])re(*iatioii to Dr. K. V. Lott. Assoeiate 
Pnd’essor of Pomology in tlie Department for making the fenit analyses.— 
Dwight PowioiiL, T^^niversity of Illinois, rrbana, Illinois. 






liEPOKT OF THP] ;WTH ANNUAL MEETINU OF THE AMERICAN 
rHYTOPATHOljOOICAL SOCIETY 


Tlic AiiH'ric'an Pliytopatliolo^ical Society licld Jts .‘{7th immial jiieetin^ Avith the 
American AHsociatioii for the Advancement of Science in St. Louis, Missouri, Marcii 
J946. The sectional and business sessions were held in the Jefferson and Statier 
liotels. Approximately 325 iiKUiibers att(*nd(‘d. Kijrhty-six jiajiers (»n original research 
were accepted by tlie editorial committee for ]»resentation at the meeting. Tin* sections 
and number of impers iiresented in each follow: fungicid(*s, 11 ; siiialJ grain diseases, 
10; viruses, 13; vegetable diseases, 10; physiology of pathogenic fungi, 9; cereal dis 
eases and pathogens, 10; disease resistance and genetics, 9; t^rest pathology, 5; factors 
affecting disease resistance, (i; and 3 in the joint session Avfth the Mycological Socii*t.\ 
of America. 

(Conferences included ‘ ^Plant Disease Survey, ” “ Extension, ” “ Fungicides, ” “ Late 
Blight of Potato,’’ and a meeting of the Tobacco Disease ('Ouiicil. 

The J*hyto])athologists’ dinner, held in the Missouri room of the Hotel Statier on 
Thursday CA’ening, March 28, was attended by two hundred and twenty. 

Council for 1946; 

J. ir. ('RAioiK, President (1 yr.), Central Experimental Farm, Ottawa, (\*jnada. 

A. J. Biker, Vice-President (1 yr.). Department of Plant Pathology, University of 

Wisconsin, Madison, Wisconsin. 

E. M. Johnson, Secretary (3-yr. term ex]>ires 1947), Kentucky Agricultural Exjieri 
inent Station, Lexington 29, Kentucky. 

B. M. Caldwell, Treasurer, and Business Manager of Phytopathology (3-yr. term 

expires 1946), Purdue University, Lafayette, Indiana. 

Helen Hart, Editor-in-Chief, Phytoiffithology (3 yr. term expires 1948), I’^niversity 
Farm, St. Paul 1, Minnesota. 

C. 11. Arndt, Agricultural Experiment Statimi, (Meinson College, Clemsoii, South 

Carolina. 

B. W. (loss, (^ollege of Agriculture, Lincolu 1, Xehraska. 

K. J. Haskell, Extension Service, 1^. S. Detnirtinent of .\gricnlture, Washington 25, 

11. B. Humphrey, Box 14, Cosmos (’Hub, Washington 5, 1). (’. 

L. 1). Leach, University Farm, Davis, (AiliforJiia. 

M. (\ Bichakds, Botany Department, Uiiiversiiv of A'ew llampsliire, Durham, A'<*w 

Hampshire. 

C. M. Tru’KKK, Botany Depiirtmeiit, University of Missouri, (’’olnmbia, Missouri. 

Representatives: 

A.A.A.S. ComciL J. (4, Horsfall, J. (\ Walker, 

DivisUm of Tiioloyy a7id Agriculture, National Research Council. J. (\ WAr.KKR. 
Board of Mditoi>, American Journal of Botauif. A. A. Dunlap. 

Standing Committees: 

Donations and Lf gacirs . H. E. Newjiall, B. K. Vaughn, (4. F. Wkder, S. X. 
Zeller, N. J. (Hddings, (Him. 

Ejrt < f :.* tion . O . C. Bovin O. 1). Burke, H. 1C. Carkiss, B. J. Haskell, V . E. Scott, 
i \ C. Allison, iHmi. 

Invcstimnls . Marvin E. Fowler, L. M. Hi tchins, Neil E. Stevens, B. M. Cald¬ 
well, Chm. 

Necrology. W. J. Zaumeyek, IT. D. Barker, Chm. 

PhyfopathologiciiJ. Classics. L. C. Knorr, Editor. John Nikderiiauskr, Business 
Manager. 

Placement. S. J. P. (’hilton, M. W. Gardner, B. J. Haskell, L. M. Massev B. S 
Kiruy,(H un. 

Puldie Bclati ' tns . O. D. Burke, C. J. Fide, F. J. Grkaney, T^. S. Hitchner, J. H. 
Jensf.n, (\ L. Lefebvke, E. W, Lyle, ,1. Duain Moore, A. (4. Nkwhall, Harry 
B. O’Brien, P. P. Pirone, A. J. Biker. Jose Rodriguez, B. U. Swingle, H. W. 
Thurston, J. 0. Walker, K. Starr (’he.ster, Chm. 

Rcgnlatory Work and Foreign Plant l)i.scase.s. (’. R. Orton, R. P White E C 
StAkman, Chm. ’ . 

Society Organization. George Armstrong, O. C. Boyd, F. J. Greaney, J. B Ken¬ 
drick, J. C. Walker, Freeman Weiss, Chm. 
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Vuion of Amrriran lUoloffiral Socuiics {and Jiiological Ahs(rarf,s}. Donald Fol¬ 
som, 1.. M. Massky, \V. {). Knydkk, W. U. Stover, Cl. C . Kent, Chin.; Help:n 
Hart and E. M. Johnson (ex officio). 

Special Committees: 

(Utordination in (h'r/al and Vcgelahlc Seed Treatment Hesearch. C. TI. Arndt, F. J. 
Oreaney, i\ M. Heansf:lkr, K. W. Krettlow, L. J>. Leaih, E. \V. Lei kel, 
Georoe Semenilk, M. H. Moore, (^hm. 

Fungus Xomenetai are. (\ M. Tocker, 1). S. Welch, Erdman West, G. L. Z in del, 
J. A. Stevenson, Chm. 

XoviencJature and Classifieation of riant I'iruses. V. W. Dennett. L. M. Hlack. 
James Johnson, H. H. McKinney, H. H. McIjArty, Frank McWhorter. 
Freeman Weiss, (’hm. 

Plant Disease Prevention. J. F. Adams, K. D. Rcti.er, C. E. F. Gcterman. E. C. 
Star MAN, Donald Flet<’Her, (’Inn. 

Membership Committer. W. F. RrcHHOLTZ, W. C. Snyder, G. (’. Kent, A. A. 

Dunlap, IT. A. Kodenuiser, E. M. Johnson, R . W. Samson, (Mini. 

Pnblieation Prohlem.H. M. W. Gardner, Francis O. Holmes, A. J. Hiker, (Mini.; 

R. M. (’aldwell and TFelkn Hart (ex officio). 

Prnrgani^ation of International Cooperation. H. P. Harss, G. H. Coons. J. (r. 

Hakrar, Otto Reinktno, J. A. Stevenson, E. (\ Stakman, (Mini. 

Standard hat ion of Fungicidal Test.s. M. C, (tOLDSWORTHY, (’. S. Holton, J. G. 
Horsfall, M. H. Moore, C, F. 'rAYLOR, H. W. M’hcrston, J. D. Wilson, s. E. A. 
M(’(’ALLAN, (’hill. 

Terminology (Xonienclature) of Immunology and Use of Technical \Vord.s. D. L. 

Hailey, W. H. Hurkholder, Donald Folsom, M. W. Gardner, (’lim. 

ICar Commitlee. J. G. Le\(H1, K. (’. Stakman, J. E. Mb^liius, (Mini. (Executive 
(’oinmittee). 

Coordination of Field Tests with Xew Fungicidal Dusts and Sprays. J. D. Wilson. 
(Mini, ((’ommittec to be announced). 

Temporary Committees for 1945: 

Auditing, J. Ralph Shay, R. W, Samson, Chm. 

Besotuiion.s. C. T. Gregory, H. (’. Mi rphv, (’. M. M’ui^ker, (’hm. 

Temporary Committees for 1946: 

Puhlieation of Speeial Material. H. P. Harss, J. (1. Leach, W. H. Tisdale, Donald 
(’ation, (Mini. 

Sustaining Contributors. R. J. Haskell, F. L. Howard, J. J. (’uristensen, (’hiii. 

Report of the Secretary. At tlie time of tin* last (’ouncil meeting on December 11, 
J944, in (Mnciiiiiati, Ohio, the inenibership was 1089. On December 31, 1945, the total 
was 1100, a net jjain of 11 members. Tnclnded in the 1100 were 38 new members and 40 
r(‘in.statements. During (he period from December 11, 1944, to December 31, 1945, the 
Society lost 73 members: 9 bv resighation, 9 by death, and 55 suspended for non-pay¬ 
ment of dues. 

Ninety-three names were presented to the Society for membershi}), 39 of whom aj)- 
jilied in 1945 and 54 in 1940; thus the total membership after the election on March 30 
was 1193. The 39 applying in 1945 will be placed in tlie 1945 report, while the 54 ap- 
j)lying in 1940 will be included in the totals for that year. 

Report of the Treasurer. Statemeut of accounts for *he year ending September 30, 
1945. 

Beceipts: 

Halaiice from 1944 j|5*J010.34 

Annual dues: 

1944 . $ 58.00 
1945 . 4731.33 

]940 . 104.00 $4893.33 

30-Year Index 

Sales . 

Sustaining contributors 
Unclassified receipt 


42.41 

200.00 

114.25 


5255.49 


Total recoi})ts 


$7271.83 
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Eurpfnditurcs: 

Monibpr siibHiTiptioiis transfiTvcd to l*HYTi)l*ATITOLC)0Y: 

1944 ... ■ $ 4<).40 

1945 . . .. 3772.;55 

]94(i . .. ... 8L\20 $.19no.!)5 

Traiisfpriod to TilYTOI‘ATlI()L<)(iY for: 

SnU*8: 


J’liytoputLoJo^yy . 

30-Y(*jh‘ liulox 

Sopndurinl work and exponsi^s, of Secrotary 

do , Oflict* of Prosidfiit 

<lo , Offh'o of Troasiiror 

rrintin^ and stamped envelo]K\s 
Stamps 

Moiii‘y returned for overpayment of din-s 
ttank ehar^je ... 

Kxchanfjfc eharge ... 

Donation to ITnion c»f American Di<dojjieaI S(»eieties 
Aimual meelinjf expenses 


4;j.41 

5.50 48.9] 

218.28 
.’»(>.08 
. 275.75 

295.40 
0.00 
lO.OJ) 
J.95 
.85 
.50.00 
2;k5a 


Tidal exi)(‘mlitun*s . . 
italanee on liand Se]»t. J945 


$4895.70 

2578.07 


.$7271.85 


Sinking Fund. Arlington and Pairfax Huilding and Loan (Vutificate .\o. R 1425 
for JO Hljai(*s ('value $J00(h tr:insfem‘d to Arlingtoji and l\airfax llnilding and Lcian 
Association Savings Share, Account (VrtiOcat<‘ Xo. 70 (value $1000) Jaiiuary 1, 1945. 
There was no change in the principle amount of the sinking fund during the imst vear, 


the total remaining $9670.00. It is invt'sted as follows: 

First mortgage note, at 4i ]»er cent interest, depositi‘d with McTjachhm 

J3aliking Corporation for collection $ 500.00 

U. S. Savings Bond, Series (t, 2^ ]K‘r cent 1000.00 

Invi’sted with the following: 

(Vdumbia Permanent Building .\ss(»ciation (accrued dividends’$52.10) 552.10 

District Building and Loan Association (accrued dividends $152.29) lt)52.29 
Njitional Permanent Building Association (accrued dividmids $265.50^ 2265.50 
Northwestern Federal Savings and Loan Association 2000.OO 

Perpetual Building Association (accrued rlividciids $104.20) IJ 04.20 

Prudential Building Association (accrued dividends $26.41) 202.41 

Arlington and Fairfax Building and Loan (accrued dividends $15.00) 1015.00 


Less interest due PIIYTOILATHOIAMIY 


$10289.50 

615.50 


$ 9676.00 

The Lyman Memorial Fund, obtained fiom voluntary contrilnitions, now totals 
$5195.82. The whole amount is invested with the Brookland Building and Loan Asso¬ 
ciation, at 21 per cent. The account for 1945 is as follows: 


Balance on hand, (let. 1, 1944 .$5584..^^) 

Dividends, Dec. 51, 1944 to June 30, 1945 94.01 

Voluntary contributions 20.00 

Memoir .... ,;50 


$.5499.5() 

Less interest due 1*11 VTOPATIIOI.DDY . 505.54 


$5195.82 

Additional Endowment; 

War Savings Bond, Scries I* 

Total, Sept. 30, 1944 ... . . $1050.00 

deceived Oct. 1, 1944 to So^d. 30, 1945 50.00 

War Savings Stamjis 

Total, Sept. 30, 1945 7.00 


$1107.00 
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Report of the Business Manager. Tho tot;il huiiiIh i* of iioniiu*iii)K‘r HubscriluM's wys 
554 OH Novonihor 80, 1945, rep ro son ting a not gain of 71 for tlio yoar 1945. These eon 
sisted of 388 domestic, 32 (Canadian, and 184 foreign subserihers. Included in the 
doinoatie 8ui)8Criptiona for later foreign 8hi)nneiit are 30 for the (3iine8e Ministry, 41 
for the TJHHK, and 7 for The Netherlands; also 3 complimentary domestic subscriptions. 
There were 31 aiibscription eaiieellations and siisiieiisions in 19*45. Not included in the 
reported subscriptions for 1945 are 55 subscriptiojiH for tho current volume, number 35, 
by the American Jnbrary Association, to lie held by the Society for eventual shipmeni 
to foreign countries as may be designated by that association. 

The sales of l>ack volumes and issues during 1945 totaled .$1409.70. This included, 
among the larger orders, amounts of $207.00 from West African (lacao Research Insti¬ 
tute, Tafo, Gold Coast, and .$208.30 from the Acme Agency, Buenos Aires, Argentina. 


Statement of accounts for the year ending September 30, 1945. 

Kfcripts: 

Balance from 1944 . . . 

Subscriptions 


1944 

1^ 3(i.3a 


1945 

2924.73 


1946 . 

204.20 


1947 

27.50 

.$3252.78 

Member subscrirdions: 

1944 . 

46.40 


1945 . 

3772.35 


1946 . 

82.20 

3900.95 

Sales of back numbers of PTl \’’TOPv\THOLOG V 


1409.70 

Sale of Membership List 


1.00 

.Advertising 

1944 

327.61 


1945 

807.18 


Membership Jjist 

275.00 

1409.79 

30-Vear Index 


105.00 

Interest on Sinking Fund 

First mortgage . 

2L.50 


Building and Loan 

80.00 


r. S. Bond iSeries G 

25.00 

126.50 

Interest on current funds 


145.08 

Grant from Rockefeller Institute 


600.00 

Allowance cm reprints 


367.17 

From authors for excess illustrations 


160.44 


Total recei])t8 


$ 6372.55 


11478.41 


$178.50.96 


(lit urea: 

riiiting, distributing, 

and storing PI!YTOPATHOIXMIY: 

Vol. 34, no. 9 

$708.93 

10 

(580.40 

n 

.532.24 

12 

733.09 

V\»l. 34, Index 

203.94 

A"ol. 35, no. 1 

745.42 

»> 

493.2^^ 

.3 

. 581.06 

4 

507.50 

.5 

731.06 

6 

922.62 

7 

716.65 

8 . 

665.37 $8221.52 


I'osliiKi-, I'HYTOPATnOLOGy 

Hi'cvctarial work and oflico I'xpoiiw. 'Kditor-iii-tniirf 

do , Ad\crtisiiig Manager 

l*ostagc for Advertising Manager 
(Vininission for Advertising Manager (11*44) 

Expenses of Advertising Manager 
S(*cretarial work for Business Manager 

♦Stamps .... . . 

Printing and stamped enveh)j)es 


$8625.69 

741.62 
101.73 

5.49 

150.00 

19.12 

314.25 

7.00 

184.62 
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Office supplies . 

Miscellaiicoufi . 

Postage, 30-Year ladex .. . 

Refund, subscription and sales 

Bank charges. 

Printing Membership List 
Plieeks returned by bank 

Total expenditures . .i5]no3L\05 

Balance on hand: 

rheeking account . . . • 2374.14 

Xorth west era Federal Savings and Loan 4944.77 7318.91 


$17850.90 

A} 

The 30-Year Index. Summary of receipts and ex]>enditure8 October 1, 1944 to Sep¬ 


tember 30, 1945; 

Balance in excess of ex]»C7iditures, Sept. 30, 1944 $118.48 

Receipts Oct. 1, 1944, to Sept. 30, 1945 105.00 

$223.48 

Kx]»enses Oct. 1, 1944, to Sept. 30, 1945 8..‘0> 

Balance in excess of expenditures, Se]>t. 30, 1945 $215.12 

Membership List Account, 1944^1945. 

R^‘cei[>ts for advertising $324.9S 

I’riuting, 1500 copies . . $208.02 

Postage for mailing 8.00 270.02 


19.75 

33.00 

8.36 

31.20 

1.60 

276.02 

12.00 


$ 48.90 

Memberslii]) lists sold 1.00 


Halanc(‘ on hand, Sept. 30, 1945 $ 49.90 

Report of the Auditing Committee, as of September 30, 1945. We have examined 
the books of the Treasurer of the Ameriean Phyt<ipathological Society and tlu‘ Busi¬ 
ness Manager of PliYtopatlioh)gy for the period October 1, 1944, to Sej»tember 30, 1945, 
and find all funds, receipts, and expenditures of the S'‘ciety and of IMIYTOPATHOLOt JY 
properly and clearly recorded and accounted for. Much credit is due Miss Mellui l\. 
House for 1 Im‘ excellent state (»f the books. 

Signed: R. W. Samson, Chairman 

, 1 . RxiiCH StiAA' 

Report of the Advertising Manager. PTIYTOPATHOLOOY carried a lotal of 95 
paid subscriptions during the year 1945. There were 52 full page, 32 half ])age, aud 
10 quarter ]>age advert iMUiients. 

'I'he gross income from advertising was $1255.00. Tie* not income to the Society will 
appear in the Treasurer’s rejHjrt. Advertising agencies get a 15 per cent commission, 
and a 2 per cent discount Is allowed when bills are jiaid within 10 days. This .'iccounts 
for the difference between llie gross and the net income. 

Tu addition to paid adverliscunents, the Journal has carried 1 fiill-pagi*, 9 half-page, 
and 10 quarter ]>age aunounctuneiits for the Society in tin* advertising section. 

'Phc pn'Sdit advertising manager wishes to express his a])preciation of the fine help 
and C(Kq»eration of the previous advertising manager, S. h. Hopperstead. 

Report of the Editor-In-Chief. Two hundred and two individuals utilized the 1032 
pages of volume 35 of'’PTIYTOPATIIOLOCY to jmblisli 100 articles, 34 not(‘s, 39 ab¬ 
stracts, and 7 biographies. The volume contained 216 text figures and 7 portraits; and 
tabular maierial constituted 11.5 per cent of the 975 pages utilized for scientific ]>jipcrs. 
'I'hroe reports and three airioiiuceimmts were ]mblish(id for the Society in the V(»lnme. 

On March 1 1946, there were 64 papers on hand: 22 have been acce])ted for jnibli- 
cation, 17 are beijig revised by the authors, and 25 are under consideration by the odi- 
trn'ial board. Between January 1, 1945, and March 1, 1946, seven papers have been 
withdrawn or rejected, 

.'v manual on “Preparation of iiiaiuiscripts for Phytopathology ’ ’ has been written 
)jy Hr. A. »J. Hiker, a member of the editorial board. The Ameriean Phytopathological 
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Hoe'wty ;mtliorizec1 the nmiuial at its iiu-etiiijj in Cincinnati, Ohio, in Oeceinl»C‘r, 1944. 
FuMicntion is planned for 1946. 

The editor is pleased to acknowledge the financial assistance given PHYTO¬ 
PATHOLOGY in 1944 and 1945 by the Kockefeller Institute for Medical Eescarch. 

Every member <)f the Editorial Board has cooperated in reviewing mjinu8t*ripts siib- 
niitted for publication: the work of the editorial office would have been impossible without 
their assistance. It is also a ])leasure to acknowledge the advice and help of the Science 
l^ress Printing Company in meeting the difficulties besetting scientific publications during 
war times. 


Beport of Society Bepresentative on the National Beaearch Council for 1945. 

Activity of the Division of Biology and Agriculture during the year may bo summarized 
with respect to matters related to our field as follows: 

1. The Division has heen active in keejfuig representatives informed as to the progress 
of the bills before Congress eoncerned with a National Resoareh Foundation and bringing 
its influenee to bear on the need of ]»roy»er emphasis upon research in biology in the 
formulation of this legislation. At your president’s request a statement was prepared 
by your representative which was fiU‘d with the appropriate (kimmittee of Congress. 

2. A Microbirilogical Board within tlie Division was recommtuided to function as a 
central clearing and guidaiic<‘ agency in this field. Partieular interest at the moment 
is eoiieerncd with antibiotics Avhicli obviously reaches into the field of plant disease control. 
While such a board has not as yet been set up, ^preliminary conferences have b**en held 
to consider organization Jind the possibilities of iinnneial support for such organization. 

li. The Offiee of Scientific Personnel continues to funetion with finaiieial suiqport by 
th(‘ Aineriean Institute of Pliysics, the American Alathematical Society and the Mathe- 
matiejil AsK(»ciation of Americn, the (ieological Soeiety of America, and the newly formed 
American Psychological Association. During the war, Biology was represented tinau- 
eially by a special grant from tin* Xational Aead(*my ($3000). At present biological 
'<ocietic‘s an* not contributing to this central effort. 

4. The Committee on the Training of Resoareh Workers in Agriculture is making a 
careful study of the needs of fellowships in this field. If the Fellowshi]) program inclmled 
in the Xational Research Foundation legislation does not materialize, it is expected that 
effi»rts will be made by tin* Division to initiate a strong fellowship program in Agri- 
i'liltnre. 


Beport of the Bepresentative to the Board of Editors, American Journal of Botany. 

During 1915 this re])res(*ntativc reviewt‘d, at the request of the Edit(»v iii-Chief, four 
papers doiiling with subjects <»f ]ili\topathologieal interest snbinitte<I for publication in 
the American Journal of Botany. Three of these pap<‘rs have already appeared in that 
Journal. In two instances the names of well-qualified reviewers have l>eeii suggested 
t<» the Kditcjr in f’hief for jiapors dealing with plant diseases or jdant-disease fungi. 

This relationshi]) with the American Journal of Botany has heen ;i jpleasanf one and 
it is sincerely hoped that the suggestions for impvoveim*ii1 of the ])a]»ers i \amined Imve 
b<*eii (if value. 


Beport of the Necrology Committee. l>eath date of mi*ml)er not jneviously re 
]iorte<l: 

,Iaxiks Ika P. Mt'Mi UPifY, X<»vember 2, 1.943 
Deaths of members during 1945: 

J. P. JOLIVKTTE, February 2 
A. E. ElwiKtuMBK, March 30 

L. R. Jones, Ai>ril I 

M. B. Wmte, June 5 
L. H. Leo.vian, June 7 
(’. J, Kino, October 17 

R. B, ITakvey, November 4 


Beport of the Manager of Phytopathological Classics. Report for the fiscal year 
beginning October 1, 1944, aJid ending Se])tmiiber JO, 1945: 


Classic 

No. 1: 

On hand. Oct. 1, 1944 

15 

$ 4.50 



Sold during year 

9 



On hand. Sept. 30, 1945 

6 


Classic 

No. 2: 

On hand, Oct. 1, 1944 

216 

4.00 



Sold during year 

8 



On hand, Se]>t. 30, 1945 

,, . 20S 


Classic 

No. 3: 

On hand, Ocl. 1, 1944 

. 306 

4.00 



Sold during vear 

8 



Oil hand. Sept. 30, 1945 

298 
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Classic Xo. 4: On hand, Oct. 1, 1944 

366 


Sold during year 

7 

5.25 

On hand, Sejit. 3f», 1945 

. 359 


Classic No. .5: On hand, Oet. 1, 1944 

604 


Sold during year 

10 

12.50 

On hand, Sept. 30, 194.5 

594 


Classic Xo. 0: On hand, Oct. 1, 1944 

Sold during year 

692 


11 

8.25 

On hand. Sept. 30, 194.5 

681 


Classic No. 7: On hand, Oct. 1, 1944 

716 


Sold during yi‘ar . 

14 

10.50 

On hand, Sept. 30. 191.5 

702 

$49.00 

Value of books sent ont (fiscal year 194^-1945) 


$49.00 

Overjiayment (retaiin*d as credit) 


.25 

Money received on order of jirevious y<‘.Mr 


.75 

$50.00 

Money received during fiscal yt‘ar 1941-194.5 


$44.50 

Oratis set of Classics for Editorial use ( L. C. Knorr) 


5.00 

Duo on account 


.50 


$r>o.ou 


Assets: 

C'ash bfilamv oii liaiitl, ()pt. 1, JJU4 . 

Koceipts ihiriii)^ yt*av . 44.50 


Total , , . . $507.5.‘{ 

lAahUil its: 

F.rror in Iluaiipial ivcords inherited from |in*vious rears JO.OO 


Balance on liand. Sept. 50, 1944 .$497.55 

Total <lno oji aceunnt, 50, 1945 $ 20.25 


Your attention is ealled t(» the fnet that there remained only 6 copies of Phytojnitho* 
lojfical Classic No. 1 on Soptemher 30, j94.5, and this classic is now ont of ]>Tint. Hince 
jnost orders re<*oive<i are f<»r complete sets, it behooves ns to consider the jidvisahility of 
reprinting this (’’lassie Xo. 1. A second edition of .500 copies would i>rohably meet our 
nc‘(*ds for several decades, :nid would allow our future customers to buy and Tn:iint;iin a 
coiiijdete set of Phyto])athologi"al Classics. 

Report of Placement Committee. The Placement (’ommittee has had the busi(‘st 
year since tin* em])loyment ngeiiey was eslablishe<l. This came about as a result of an 
unprecedented demand for ]>lant pathologists and tlu‘ return of veterans from the armed 
forces. 

During 1lM,5, tifty-two plant pathologists had apj)lications hied Avith the committee. 
Ono hundred and fifty-five applications were seiit to prospective employers who referred 
thirty-nine positions to tin* committee. 

incomplete records sliow that at le.ast six p.athologists obtained j)ositiims 

through the eflf(u-tp of the Placement (Vmimittee. 

Report of the Public Relations Committee for 1946. T\w reconstituted (Committee 
h.TS adopted a new means for acquainting the lay public Avitb pliytopathological ])rogie:ss 
by issuing-its “iDEA8 for Stories Featuring the Conquest of Plant Disease tbrougb 
Modern Research.” Kacli “IDKA'^ is a brief synopsis that may be developed into a 
feature article. IDEAS” are sent, a few at a time, to editors of 90 leading national 
magazines. If an editor is interested in the development of an ‘^TDEA,^^ the matter 
is reft’i-red to ;i specialist in that ]dace of pliytcp.-ithology, who prepares tlie article to 
meet the editor *s sp(‘cifications. The editor is obligated to permit the scientist who 
provides the material to check the eompleted article for scientific accuracy, and to reim- 
i)ursc the scientist at his customary rate. 

During the year. 31 '‘IDEAS’^ were issued. M<»re than half of these were 8electe<l 
as base'* for feature stories by editors of Successful Farmiing, Fortune, Scientific 
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Monthly, Southern Agriculturist, Food Packer, and other magazines. The rcnuiining 
^‘IDEAS,*’ those not preempted by national magazines, were distributed to a key man 
in each State for issuance to newspapers and radio stations. Many congratulatory letters 
testify to the extensive use of these releases. The Committee is now represented on the 
editorial staff of the Scientific Monthly. 

The work of the Committee has been self-supporting. The comm it Leo members were 
requested to contribute to the work of the Committee 10 per cent of amounts rorcived for 
published articles, and the proceeds have been somewhat more than enough to pay the 
out-of-pocket expense of the Committee—stationery and postage. 

The Committee takes this opportunity of thanking those members of the Society who 
have cooperated in the public relations work during 1945, either by assisting the* Com¬ 
mittee directly or through their frce-lanec efforts to the same end. For the future, 
“IDEAS” submitted by an}' member of the Society will be most welcome and will 
materially aid the work of tlie Committee. 

Report of the Committee on Biological Abstracts and the Union of Biological Socie< 
ties. Two Decades ,—Twenty years ago a Joint Publications Committee, representing the 
National Academy of Sciences, Union of American Biological Societies, and American 
Association for the Advancement of Science, laid firm the foundations of Biological 
Abstracts. Nineteen volumes, comprising abstracts of some 425,000 contributions to 
research, have now been published—a significant accomplishment in itself. More im¬ 
portant, hoAvever, is the fact that an agtincy for abstracting the entire world’s output 
in biology was set going and has now been put on a secure footing for steady and 
rapid expansion in the years to come. This agency has also taken the initiative in estab¬ 
lishing a world-wide system of cooperation among biologists. With more than 3,000 
collaborators active in pre])aring and editing its material, Biological Abstracts has become 
one of the largest cooperative enterprises ever instituted by a scientific group. Plans for 
sectional publication have also been developed which represent a successful enterprise 
between institutional and specialized individual needs. Last year a new section—Ab¬ 
stracts of TTuman Biology—was added to the seven already in operation. 

During the 1926-35 period, organization of the enterprise was made possible by 
large foundation subsidies. The difficulties of the succeeding transition period are now 
so well known among biologists as to require no summary here; suffice it to say that 
Biological Abstracts has weathered the storm, it stands on its own feet, its revenues 
have been built up to a point where continuance on a sound financial basis seems fully 
assured. Annual budgets have increased from $40,000 in 1938 to $89,000 in 1945. Tins 
reflects a steady healthy growth based in the main on increases in earned income—a 
growth controlled through appreciation of the service by the scientists themselves as 
reflected in their increasing subscriptions and support in other ways. 

Onr Year. In the full edition of volume 19 (1945), 23,446 abstracts were published. 
At the beginning of 1945 the regular coverage includ(‘d 1,900 periodicals. During the 
year it had increased to some 2,130, many of the later additions being European journals 
which had been unavailable through the Tvar years. In 1945 some 444 new subscribers 
were added. An operational surplus of about $5,000 was reported, made possible by 
contributions including $13,655 from the industries, continuance of which cannot be 
counted upon. Tlie cost of producing Biological Abstracts has more than doubled within 
the past four or five years. Ralaries have had to be increased, and every phase of opera¬ 
tion is costing more. A slight increase for subscriptions to the complete edition was thus 
made necessary, but the price of Section 1> (Fhytopathology, Plant Physiology, Plant 
Anatomy, Paleobotany, Systematic Botany, Agronomy, Horticulture, Forestry, Pharma¬ 
cognosy, Pharmaceutical Botany, and Ecology) nunains the same—only $6.00 (foreign 
$6.50). 

riant Sciences. In Sectiem D, Abstracts of Plant Sciences, approximately 5,500 
abstracts were published daring 1945; 883 of thest. were in the subsection on plant 
pathology, and 275 further abstracts containing at least incidental contributions on plant 
diseases appeared in other R(*ctioiis, making a grand total of 1,158. Subscribers to Sec¬ 
tion D increased by 9() during the year; of these some 25 were in response to the letter 
sent by this Committee to members of the American Phytopathologieal Society. It 
might, be added that about 30 new subscribers resulted from a similar letter sent out 
to members of the Botanical Society of America by its Secretary. 

Some time ago this CommiLtee endeavored to establish a subsection for reviews of 
films dealing with plant diseases and pests. Much interest in the idea was shown in 
correspondence with resean li people and college and extension teachers. No one during 
the war, however, seemed to have the necessary time to implement the proposal. A com¬ 
parable subsection established by the baeterioio'Jrical groups has already proved its worth 
in their several fndds of interest. The Editor of Biological Abstracts would like to see 
a section established for reviewing films of interest to the whole biological field. It is 
believed that teachers, extension workers, and researehers w'ould benefit, from such a 
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section. The Committee therefore recommends that the Society jiccei)t the responsibility 
of reviewing for Biological Abstracts films relating to plant pathology, porliaps through 
its Extension Committee. 

The Future, It is hardly too much to say that the greatest impediment to the 
advancement of science is the lack of fully effective means by which the findings of the 
scientists themselves, and especially those of other nations, can be mobilized, brought to 
light, and put to work. Progress in carrying out the i^ostwar plans for a mon* adequate 
and worldwide coverage will depend largely on how far the users of Biological Abstracts 
are willing to go in concrete acknowledgment of its value, through a steady iiicreasc in 
the number who subscribe. Biological Abstracts enters its third decade firmly estab¬ 
lished and willing and eager to give to scientists what they want and are willing to pay 
for; it is their cooperative enterprise. 

Report of the Committee on Resolutions. Be it rqsolved that The American Phyto- 
pathological Society express its grateful appreciation #0 the following for their contri¬ 
butions to the success of the 37th annual meeting: 

W. D. Valleau and Stephen Diachun for their arrangement of the* section programs. 

Carroll W.- Dodge for arranging the musical program for the Society dinner, and liis 
general assistance as the Society's local rei)resentative. 

J. M. Hutzel, Executive Assistant A.A.A.S., for his helpful cooperation in assigning 
rooms and providing projection e<piipnient. 

The management of the Statlcr and Jefferson Hotels, particularly Mr. Bush of the 
Hotel Statler and Mr. Lucy of the Hotel Jefferson, for their assistance and courtesies in 
making their facilities available. 

The newspapers—the St. liouis Post-Dispatch, the St. Louis (Hobo Dcmocrat, and 
the St. Louis Star-Times—for their effective handling of news coverage. 

Respectfulhf submit / ad. 

C. T. Gregory 
H. C. Mtirphy 
C. M. Tucker, Chairman 

Electloiis and Appointments. A committee from the Council opened and counted 
the ballots, results of which were announced to the Sociedy at the bampiet tlu* evening 
of March 28: J. H. Craigic, President; A. J. Biker, Vice-President; C. M. Tucker, Coun¬ 
cilor-at-large. 

The Council recommended and the Society approved the appointment of ITeleji Hart 
as Editor-in-Chief for a three-year term, 3946 through 3948; W. H. Burkhohler, Editor 
for a three-year term, 1946 through 1948; Donald E. Bliss, IT. Loran Blood, A. L. 
Harrison, and Bay B. Hirt, Associate Editors for a thrce yt*ar term, 1916 through 1948; 
Paul E. Tilford, Advertising Manager of Phytopathology for a one-year term; L. C. 
Knorr, Editor for Phytopathological Classics for a oiie-ycar term; John Niederhauser, 
Business Manager of Phytopathological Classics for a one-year term. 

Beiiresentativcs of the Society, new committees, and changes in committee i>ersonnel 
are given on the previous pages of this report. 

Ninety-three applicants w'cre elected to membership in The American Phytopatho¬ 
logical Society. 

Reports of Oi&cers, Representatives, and Standing Committees are published on the 
previous pages. According to action of the Society at the Philadelphia meeting, rei»orts 
of Special and Temporary Committees are not to be published in the annual report. All 
committee leports submitted Avere considered by the Council. The reports recommended 
for apjiroval by the Couiicil w'crc accepted by the Society. 

The Society approved the following recommendations by tlie Council. 

1. That the paper entitled ‘^Preparation of Manuscript's for Phytopathology," men¬ 
tioned in the report of the Committee on Publication Problems and prc'pared in accord 
with the instructions of the Society at Cincinnati, be published in PHYTOPATHOTjOGY 
and that the manuscript be held in tyi>e four months in order to give those Avlio Avish 
copies an opportunity to purchase them from Science Press I'riiiting Company, Lancaster, 
Pennsylvania. 

2. That the announcements of TentatiA^e and B'}commended Methods of the Com¬ 
mittee on Standardization of Fungicidal Tests be published in Phytopathology as adver¬ 
tisements, whenever space is available, without cost to the Committee. 

B. The appointment of J. G. Horsfall as the Society's representative on the A.A.A.S. 
Council for a two-vear term. 

•X. The appointment of J. C. Walker as the Society's representative on the Division 
of Biology and Agriculture, National Besearch Council, from July 3, 3946 through 3948. 

r». The appointment of A. J. Biker on the Committee on Public Belations, 

6. The appointment of. H. B. McLarty on the Committee on Nomenclature and 
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Classification of Plant Viruses i?i place of TT. Earl Thomas, who was appointed last year 
hut refused to serve. 

7. That the Secretary write Mrs. L. R. .lones a letter, on behalf of the Society, 
expressing the Society's appreciation of the bequest of $100 to the Society, left by the 
late L. R. Jones. 

8. The establishment of a Special Committee on Coordination of Field Tests with 
New Fungicidal Dusts and Sprays, and that J. D. Wilson be appointed chairman wth 
the power to name his committee. 

9. That the Tobacco Disease Council be asked to study the possibilities of eradica¬ 
tion of blue mold of tobacco and make recommendations to the Council of The American 
Phytopathological Society. 

10. That it be the sentiment of The American Phytopathological Society that a 
means of affiliation of Phytopathological Societies in other countries be provided for in 
the revised Constitution, provided such societies wish to affiliate. That each affiliate be 
given the minimum of privilege of rcfi resent a tion on the Council. That the proceedings 
of such affiliates be published in Phytopathology at the Society's expense. 

11. That the name of the New England Division be changed to the North Eastern 
Division, as set forth in a i>etition presented to the Council. 

12. That the 38th annual meeting be held Saturday, December 28, through Monday, 
December 30, 1946, in Cincinnati, Ohio, in Cleveland, Ohio, or in Chicago, Illinois. 


ANNOUNCEMENT 

The thirty-eighth meeting of the American Phytopathological Society 
■will be held at the Xetherlaud Plaza Hotel, Cineimiati, Ohio, December 
28 - 30 , 1946 . 
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JAMES PETER JOJjTVETTE 
JuJy 20,1915~February 2, 1945 

James Peter Jolivette was graduated from the University of Wis¬ 
consin in 1937 with the degree of Bachelor of Science in Agriculture, 
and in 1941 he received the degree of Doctor of Philosophy from the 
same institution. 

From 1941 to March 20,1942, he waJi Instructor in Plant I'athology, 
University of Wisconsin, in charge of tlie truck crop disease field lab¬ 
oratory at Kenosha, Wisconsin. During his college days, he was in 
the Reserve Officers’ Training Corps. When he graduated in 1937, he 
was commissioned as Second Lieutenant, and in 1941, First Lieutenant, 
in the Officers’ Reserve Corps, U. S. Army. He was called into active 
military service March 20, 1942. From May, 1943, until his untimely 
death on Luzon, P. I., by enemy fire, he was C'ai^tain of his Company, 
Co. L, 20th Infantry, 6th Division, U. S. Army. 

As an investigator in his chosen field of plant pathology, Dr. Joli¬ 
vette showed marked ability and originality, both in fundamental re¬ 
search and in its practical applications. As a soldier, his courage and 
leadership were an inspiration to his men. The memory of him as a 
soldier, as a scientist, and as a man will continue to be a lasting in¬ 
spiration, especially to those who were fortunate enough to know him. 


ALBERT EDWARD EDGECOMBE 
February 5, 1897-March 30, 1945 

Albert Edward Edgecombe was graduated from Queens University 
(Ontcii io) in 1923 with the degree of Bachelor of Arts, and in 1929 he 
received the degree of Doctor of Philosophy from the University of 
Chicago. 

From 1929 to 1939 he served as Assistant Professor of Botany and 
as Associate Professor from 1939 till his death, all at Northwestern 
Universit3^ His special field was mycology, and his researclies dealt 
with certain rusts and deniiatophytic fungi. His teaching activities 
covered a wide variety (d* botanical subjects. 

Dr. Edgecombe was a charter member of the Mycological Society 
ot America and a member of several other scientific organizations. lie 
was a man of liigh standards, both in research and in teaching, of in¬ 
defatigable industry, and oL' broad inttu-ests. lie believed that assidu¬ 
ity should be a chief criterion of one’s success. 
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LEWIS RALPH JONES 
December 5, 1864-ApriJ 1945 

Born and rtiarcd on a Wisconsin I'anri, LcAvis Rali)li Jones later 
attended Ripon (^ollej’e and the University of Michigan (IMi.B., 1889), 
taught '‘natural science” at Mount Morris Academy, Illinois, and in 
1889 became Instructor in Natural IIist(jry at tlie University of V^?r- 
mont. Here he was raj)idl.y advanced to assistant and associate pro¬ 
fessorships, becoming full Professor of Botany in 1893. He was ap- 
})()inted Botanist of the Agricultural Exi)eriment Station in 1889, and 
continued in these two capacities until he left Vermont in 1910 to 
found a department of plant patliology in his home State university. 
Organized for research and training of men and women to carry on 
the torch of discoveiy, his new d(‘partment rapidly became a mecca 
for graduate students. Professor Jones retired from active service in 
1935, but continued his important responsibilities in the National 
Academy of Sci<uiC(^s and as committeeman, trustee, and counselor. 

Of degrees and honors Dr. Jones had many—the much coveted hon¬ 
orary doctorate from Canil)ri(lge University (Se.D., 1930), and others 
from the universities of N’ermont (Nc.D., 1910), Wisconsin (Sc.D., 
1936), and Michigan (Ph.D., 1904; LL.D., 1935). He held world-wide 
memberships in over twenty scientific organizations -with high offices 
in ten or more. He was one of the chieC organizers of the Vermont 
Botanical (3ub, Forestry Association of Vermont, Boyce Thompson 
Institute, Ti'opical Plant Research Foundation, and American Phyto- 
pathological Society and a leading spirit in the Botanical Society of 
America. In his chosen field of i)lant pathology, he was the prime 
niovei’ ill tlie national societ 3 ^, its guardian and guide throughout the 
formative early years, its first president (1909), and the fii'st editor-in- 
chief of its official journal IHIYTOPATHOLOGY (1911-14). 

Jones was pre-eminent as a researcher. Among the more outstand¬ 
ing of his contributions are those on Bordeaux mixture, potato diseases, 
sap flow in sugar maple, bacterial soft rot of vegetables, the nature and 
control of diseases in plants, the development of resistant varieties, 
and the effects of environment on infection and pathogenesis. 

Professor Jones lield the rare distinction of standing high not only 
as researcher, but also as practical agriculturist, organizer, adminis¬ 
trator, and teacher. It is as a teacher, however, that his influence will 
perhaps extend furthest and last longest: first because of the man him¬ 
self, and second because he knew that he could best serve his time by 
developing men, programs, and institutions—he was above all a human 
catalyzer of ideas and ideals. To sit under his tutelage was a liberal 
education in itself; he taught science ‘‘with a difference.” 
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MERTON JiBNWAY WAITE 
January 23, 1865-June 5, 1945 

Merton Benway Waite was graduated from the University of Illi¬ 
nois in 1887 with the degree of Bachelor of Science, and in 1919 the 
University of Maryland conferred on him the degree of Doctor of 
Agriculture. 

From 1887 to 1888, Dr. Waite served as assistant to Dr. T. J. Bur- 
rill at the University of Illinois. From J888 to the time of his retire¬ 
ment in 1935, Dr. Waite was employed in the U. S. Department of 
Agriculture, at first with Dr. B. T. Galloway i]i the old Section of 
Vegetable Pathology and later as head of the Office or Division of 
Fruit Disease Investigations, in the Bureau of Plant Industry. Prom 
]930 to 1938, he was a lecturer on plant diseases and from 1932 to 1938, 
also on plant ecology, in the Graduate l^chool of the Department of 
Agriculture. 

Dr. W«aite was a charter imuuber oL‘ The American Phytopatholog- 
ical Society and a membei* of a number of other scientific orgauizalions. 
He was an unusually keen observer, an enthusiastic, inspiring leader, 
with a w'calth of knowledge, clear vision, and well-balanced judgment, 
llis scientific attainmenls are recognized the world over and ari^ a con¬ 
tinuing memorial to him. llis genial smile and cordial greeting will 
be greatly missed by his many friends. 

LEON HATCIIIG LEONIAN 
February 27, j888-June 7, 1045 

Leon Hatchig Leonian was graduated from the University of Ken¬ 
tucky in 1916 with the degree of Bachelor of Seicnee and. from the 
University of Michigan, ho received the degree of Master of Science 
ill 1917 and the degree of Doctor of Philosophy in 1922. 

Dr. Leonian served successively as Assistant Res(‘arch Horticul¬ 
turist at Clemson College Agricultural Kx])erimeut Station, 1917-18; 
Assistant Professor of Botany and Plant Pathology .at New Mexico 
State College and Exporiniciit Station 1918-1922 (part time) ; and in 
the College of Agriculture and Agricultural Experiment Station of 
West Virginia University, as Assistant Profc'ssor of Plant Patliology 
from 1922 to 1926; Associate Professor of Plant Pathology, 1927-1936 ; 
and Professor of Mycology and Mycologist, from 1936 1o the time of 
his death. 

Asa researcher, Dr. Leonian did notable Avork, particularly on the 
physiology of fungi, and as a teacher, he was a favorite with his stu¬ 
dents. His frank ways and pleasant smile will bo greatly missed by 
his many friends and associates. 
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(^HALMERS JACKSON KlN(i 
Oetoher 26, 189J-October 17, lf)45 

Chalmers jRcksoii Kiiij? was f^raduatod from Clemson CoJJejre in 
191J with tli(‘ dejrr(*e of Jiachelor of Science, and j)ursned p:raduato 
work there in 1914. 

From 1914- to 1916 lie was Tnstrnctor in Soils at Clemson College 
and Assistant (^bemist in the Sonlli Carolina Agrienltiiral Experiment 
Station. He went to Arizona in 1917 as Assistant in I>io])]iysieal lin 
vest igations \Nitli tlie Run'au oT Plant Tndnstrv, W S. Department of 
Agrieiiltiire. In tliis jxisition tlirongh 1920 lie eondiie((‘d ri'search in 
cotton and citrus iiutrition and water requirements. From 1921 until 
his death he was Superint('ndent ol* the 1". S. Cotton Field Station at 
Saeatoii, Aiizona. Uinh*!* his dinx-tion Sacaton became an important 
center for cotton research. Prom 19J5 on, he was in chai'ge of the 
Fedej-al x)rogram of cotton resf^arcli in the Southwestern States. 

J.”, as he was familiarly known to his associates and to cotton 
pi'oducers thi-onghout Arizona. California, X(‘w Alexico, and west 
Texas,, devised ])ractiral control measures for the crazy-top disorder of 
cotton, for PhA inatotricluim root rot, and for other diseases under irri¬ 
gated conditions. He eontrilmted inncli to his associates in inspiring 
interest in cotton researtdj and to cotton prodin'crs in helping them to 
understand and to overcome ])ractical production i)rohJems. 
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RODNEY BEECHER HARVEY 
May 26, 1890-Noveniber 4, 1945 

Rodney Beecher Harvey was a graduate in the pharmacy course at 
Purdue University in 1912 and was gnyluated from tJic University oi' 
Michigan in 1915 with the degree of iiachelor oi' Science. In 1918, 
he received the degree of Doctor of Philosophy i’rom the University" of 
Chicago and tJie honorary degree of Doctor oi Science irom Purdue 
University in 1939. 

Dr. Hai'vey served as Assistant Botanist, Eli Tjilly and Company, 
1912-13; Assistant Botanist, University of Michigan, 1915: Micro¬ 
analyst, 1915-1919, and Physiologist, 1919-1920, Bui*eau oi IMaut 
Industry, U. »S. Department oi Agriculture; and at the University of 
Minnesota and Agricultural Experiment Station he served as Assistant 
Professor of Plant Physiology, 1920-1923; Associate Professor of Plant 
l^hysiology, 1923-1929; Associate Proiossor of Plant IMiysiology, xVgri- 
cultural Botany, and Horticulture, 1929-1930; and l^rofessor of Plant 
Physiology from 1931 to the time of Jus death, except certain periods 
while on temporary leave. During 1936 37, he served as Director of 
the (Citrus Laboratory, Dunedin, Florida; and during 1942-43, he Avas 
Director, Division of Industrial Microbiology, General Mills, 

lie was honored by being grajited a Guggenheim Memorial Fouu- 
datiou Fellowship, 1927-28. He was a charter Member oi the Amer¬ 
ican Society of Plant Physiologists (8ecr(»tary, 1923-25; Vice-presi¬ 
dent, 1931; President, 1936; and Executive (Jommittec, 1937-). He 
was a member also of the Botanical Society of America, Ecological 
Society, and the American Phytopathological Society. 

Dr. Harvey did notable wf)rk on a wide range oif problems in the 
field of plant physiology. Some oi these that have close relation to 
plant pathology are: absorption of electrolytes by plaiite; enzymes of 
respiration; reactions of protoplasm to low temperatures; ethylene 
ripening of fruit; and the nature of toxic action. He was a progres¬ 
sive thinker and Avas umisually active in whatever he undertook. 




ASSOCIATION OP XANTHOMONAS PHASEOLI AND THE 
COMMON BEAN-MOSAIC VIRUS, MARMOR PHASEOLI. 

II. DISSOCIATION STUDIES OP X. PHASEOLI 

FliOKENCB HEDaESl 
(Accepted for publication March 10, 1946) 

INTRODUCTION 

In earlier studies (4, 5) the writer found that following a long-continued 
uninterrupted in vivo association within stringless Green Refugee variety 
of common bean {rhascolus vvlgans L.) of the seed-borne infective agents 
Xanthomofias phastoli (E. E. Sm.) Dowson and bean virus 1 {Marmor 
phaseoli Holmes), the severity of the vims symptoms had greatly increased. 
Whether this was due wholly or in part to the association of bean virus 1 
with the bacterium, to the chance entrance of another virus into the host 
(5, p. 689), or to the production of a mutant of bean virus 1 was not known. 
The fact remained that, beginning with the 38th serial passage from bean 
plant to bean plant of the juice containing the virus and the bacterium, an 
ultra-severe form of mosaic was produced in 100 per cent of the plants (5, 
Fig. 1). This ])ersiste(l from the 38th through the 50th serial passage. 

The bacterium, on the contrary, had diminished in its virulence to the 
point of complete failure to produce sjmiptoms of bacterial infection and To 
maintain itself in its ‘‘typical’^ virulent yellow form in the host tissues. 
This condition persisted for 10 serial passages after which bacterial symp¬ 
toms re-appeared on th(‘ inoculated prijnary leaves and it was again possible 
to isolate ty])ical Xanihntnonas phaseoli from the inoculated bean plants. 
Tile 65 cliecks in this serial ])assage had no sign of seed infection. 

In the interim mildly pathogenic S opaque-white colonies and nonpatho- 
genic S pink ones aj)p(*areil in the poured plates from the inoculated plants. 
These aberrant types that liad previously been observed from time to time in 
association wdth ‘‘typicar’ S yellow colonics were believed to be variants of 
Xaiiihonwnas phaseoli. 

In the present comunication the writer reports studies, by means of 
dissociation experiments, of the changes that the bacterium had undergone 
during its association with the virus in vivo. 

MATERIALS AND METHODS 

The cultures selected for tliis study were as follows: 

1. A virulent S yellow isolate of Xanthomonas phaseoli from the 34th 

1 Formerly nssociate pathologist. Division of Fruit and Vegetable Crops and Dis¬ 
eases, Bureau'of Plant Industry, Soils, and Agricultural Engineering, Agricultural Re¬ 
search Administration, Plant Industry Station, Beltsville, Md. 

2 Abbreviations are used to designate the type of colony: S, smooth and shining 
±8, more or less smooth and shining; R, rough; ± B, more or less rough; BS, Inter¬ 
mediate between rough and smooth or containing both characters (applied to a given 
culture at a given time) ; R-S, sometimes rnugh and sometimes smooth (applied to the 
white variant of Xanihomonan phaseoli). 
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Fig. 1. Diagram of Quirk’s dissociation technique used with P(M + P)=^ and ‘‘nor- 
niar * Xanthomonas phaseoli, A. Series from young culture as check. B. Series directly 
from aged, medium-I plate. C. Series from leached contents of aged plate of medium i. 
D. Series from filtrates of leached contents of aged plate of medium I (filtration ap¬ 
paratus in refrigerator overnight). 

Ahhreviationt: I-IV, Quirk’s potato meaU; PD, potato-dextrose agar; Th. Thaxter’s 
potato;a^ro8e agar; 6.0, 7.0, 8.0, pH 6.0, pH 7.0, pH 8.0 beef-infusion agars or broths 
(agar indicated by obhqne hne in tube) ; L.M., litmus milk. 
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serial passage of infected juice from bean plant to bean plant, marking the 
expiration of two years* uninterrupted association of the common bean 
mosaic virus and the baeteriuin ?n vivo. This isolate, designated P (M + P) 
originated from a single colony among only 5 colonies in the isolation plate; 
and all 5 colonies of the plate resembled those characteristic of the virulent 
S yellow type-form of X, phascoU, In the designation P(M-i P)^S the P 
denotes Xanthonionas phascoli, the M denotes the mosaic virus, and the 
superior figure 34 denotes the 34th serial passage of bean juice containing the 
virus and the bacterium. The 34th serial passage was the second previous 
to the disappearance of all sym])t(>ms of bacterial infection and the fourth 
preceding the onset of ultra-severe mosaic symptoms. 

2. An S yellow, single-colony culture of “normal** Xanihcmionas phaseoli 
isolated 8 months before from a lima bean pod and having no history of 
association with the mosaic virus. This strain likewise was very virulent. 
It was designated “normal** Xanthomo)ias phaseoli. Like the preceding, 
it was transferred from a thinly sown plate. 

The technique and the m(*dia used were those of Quirk (11), to whom the 
writer is much indebted for suggestions as to their use. The procedure, 
diagrammatieally shown in figure 1, was as follows*. 

Scries A, A check series of each isolate was made from a young culture 
on steamed potato cjdinder. 

Direct transfers from 4-day-old steamed-potato-cylinder cultures of the 
two isolates, P(M^P)'’"^ and “normal,** were made on February 20 to 
Petri dishes (15()>;15 mm.) containing a thick layer (8 mm. cir.) of hard¬ 
ened Quirk’s medium I. The two strains were indistinguishable in the 
])arent potato cultures. The plate cultures on Quirk*s medium I were aged 
3 wi‘eks at room tem])erature. At the end of tliis period the growth of 
P(M ' P)^^ W’as very ])ale yeJl(»w (slightly greenish yellow) with a white 
margin; the “normar’ (uilture was a deeper greenish yellow with white 
sectors. These aged cultures were used in Scries B, C, and D. 

Scries B, Transfej-s of the 2 isolates were made directly from the aged 
plates to flasks filled to a dej)th of 1 to l-?> inches with Quirk*s media II, III, 
and IV and to tubes of Quirk’s medium 1, Potato-dextrose agar, Thaxter’s 
potato-dextrose agar. Beef-infusion agar at pH 6.0, pH 7.0, and pH 8.0, 
Beef-infusion broth at pH 6.0, pH 7.0, and pH 8.0, and Litmus milk. In 
other '\’sords, the tubes comprised a set of the culture media most commonly 
used for phytopathogenic bacteria plus Quirk*s medium I. Later, steamed 
potato cylinders, upon which “typical” Xavihomonas phaseoli grows very 
characteristically,® were included in the tube setup. No beef-extract agars 
were used. 

Series C (Icachcd). In this paper the term “leaching** is applied to a 
soaking or steeping of material from the aged plate cultures. The proce- 

3 Copious, smooth, shining, more or less fluid or ‘^sirnpy” growth of varjdng shades 
of yellow. If potato cylinders half covered with water are used before they have been 
aUowed to dry out at all, the growth usually so fills the liquid that the cultures can be 
turned upside down with impunity. 
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dure was as follows; Fifty cc. of 0.5 per cent dextrose solution was auto¬ 
claved in 500-cc. flasks and cooled to 60"^ 0. cir. At this point were trans¬ 
ferred to the flasks small pieces of the agar substratum from the aged plates 
after the greater part of the bacterial growth had been removed with a 
sterile swab and discarded. About J of the layer of agar in the Petri dish 
was used. The dextrose solution was hot enough to soften the agar and 
expedite the freeing of any filterable forms that might have penetrated it, 
and at the same time the solution cooled off too quickly to kill Xanthomonas 
phaseoli, the thermal death point of which is about 50° C. with a 10-minute 
exposure. The flasks were well shaken ^.?iid allowed to stand about 20 min¬ 
utes. Transfers from the leach were then made to the same media as in 
Series B. 

SeHes D. The suspensions of the two isolates in the 0,5 per cent dextrose 
leaching solution used in Series G were filtered hy gravity through a Cham- 
berland-Pasteur L3 filter inimcdiatcl 3 ^ after making the Series C transfers. 
As this step was reached so late in the afternoon that insuflScient filtrate was 
obtained for inoculum by nightfall, the filtration was completed in a refrig¬ 
erator held at 10° to 12° G. and transfers like those in the preceding series 
A, B, and C, were made early the next morning. 

QuirJc\H media I-IV, The following directions for making the special 
j)otato media used in these investigations were furnished by Miss Quirk. 

Medium I, ycast-potato-mannitol-nitrate agar Avith oxidized j)otato-ex- 
tract base, prepared as follows: Scrub potatoes thoroughly, pare, grind in a 
meat grinder. To 2 parts distilled water add one part potato. Allow to 
stand in open glass or enamel receptacle in refrigerator overnight. Next 
morning stir mixture Avell to distribute starch. Filter through cheesecloth 
to let juice and some of the starch pa.ss. Put oxidized juice and starch into 
large flasks and autoclave one hour at 115° C. Let stand overnight in flasks 
to precipitate the cooked starch, Decant the sui)ernatant liquid and filter 
through cotton. Do not add water to make up to volume. 

To 500 cc. oxidized potato extract, add 100 cc. yeast solution,^ 500 cc. 
distilled water, and 15 g. agar. Cook mixture for one hour in steamer. 
Filter through cotton, add tlie following chemicals: 10.0 grams Mannitol, 
0.2 g. NaCl, 0.2 g. K.HPO^, 0.2 g. MgS 04 , 0.1 g. CaS()„ 1.0 g. CaCO,, and 
1.0 g. KNO,. 

Stir chemicals well into hot agar (steam 10 or 15 minutes if necessary). 
Without filtering mixture, distribute medium in small flasks to a de.ptli of 
1 to IJ inches. Autoclave 20 minutes at 115° C. 

Medhim 11, unoxidized-potato agar (4 per cent). Prepared as Thax- 
ter’s potato-dextrose agar (2, p. 154) but with an additional 2i per cent 
agar. Slice potatoes thin and immediately cover with distilled water to 
prevent oxidation. To 2 parts of distilled water add 1 part potato. Steam 
20 minntes, or let simmer in a Avater-bath, below 60° G., for 1 hour. Filter 

4 stock yeast solution: 100 g. yeast cakes (Pleishman^s), 1000 cc. of distilled water. 
Cook 4 hours in steanicr, stir occasionally, sillow yeast to settle. Decant supernatant 
liquid and autoclave 20 minutes at 115° 0. 
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through cheesecloth and make up to original amount with distilled water. 
Add 2 per cent dextrose and 4 per cent agar. Cook 1 hour. Filter through 
cotton. Distribute in small flasks. Autoclave 20 minutes at 115° C. 

Medium III, oxidized-potato-extract agar (4 per cent). Prepare potato 
extract and yeast solution as for medium J. Add 2 per cent of dextrose and 
4 per cent of agar. Cook 1 hour. Filter through cotton. Distribute in 
small flasks to a depth of 1 to 1^ inches. Autoclave 20 minutes at 115° C. 

Medium IV, potato-starch medium. Precipitated sterile starch jelly 
obtained while making oxidized potato extract for media I and III. This 
cooked precipitated starch is washed well under running tap water. The 
washed starch jelly is then distributed in small flasks to a depth of 1 to H 
inches. Autoclave 20 minutes at 315° C. (No ingredients added to the 
starch jelly in medium IV.) 

Pathogenicity tenting. The pathogenicity of the dissociated cultures was 
tested by rub-inoculation.s on the underside of the primary leaves of young 
Stringless Creen Kefugee bean seedlings. Both the undiluted bacterial 
growth and sterile-distilled-water suspensions of the same were used as 
inoculum. A large number of noninoculated isolated checks was always 
held. 

The line of Stringless Green Refugee bean used in the pathogenicity 
tests was the same as that used in the serial passages described in the earlier 
paper (5, p. 666). The seed was collected by W. J. Zaumeyer from healthy 
plants in his breeding plots at Greeley, Colorado. 

OUIiTURAL studies 

I. Dissociated Cultures Prior to Filtering 

By the Quirk techiiirpie of demonstrating dissociation, most striking dif¬ 
ferences between the P(M P)^^ strain and ‘‘normar^ Xanthotnonas 
phaseoli were readily revealed. This showed to be a fact that w^hich the 
writer had suspected from the behavior of the bacterium in the serial 
passages, namely that .Y. phaseoli had undergone considerable change dur¬ 
ing its two years’ uninterrupted association with the virus in vivo. 

Strain P{M + Py^. Transfers from the aged plate before and after 
leaching (Fig. 1, Series B and C, respectively). The bacterial isolate Avhich 
had been associated continuously for two years with the virus in vivo was 
readily dissociated into*. 

1. A dominant wdiitc form, varying from R to S and only mildly patho¬ 
genic. 

2. A subordinate S yellow form, the ‘‘typical’' virulent form. 

3. An S pink form.*'^ 

On all solid media, including those in the tube series (Fig. 2, A and C), 
inoculated either before or after leaching, the zfc R white variant appeared 

5 This is believed to be tbc pink form encountered from time to time, usually as a 
minority group, in plates from bean plants inoculatcid witli the two associated .infective 
agents. If so, it is iionpathogeiiic. In the dissociated cultures under discussion, it always 
appeared in conjunction with either the yellow or white forms. 
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first and was very much to tlie fore. Relatively little of the virulent S 
yellow type developed in transfers made either before or after leachinj?^ but 
its best development was on Quirk’s medium IV, inoculated before leachingr. 
There was only a trace of it in the tube transfers, namely on medium I, 
potato-dextrose agrar, and Thaxter’s agrar made before leachinj?, and only 
on the two last mentioned made after leacdiing. 

No S pink form appeared in transfers made prior to leaching: with the 
hot dextrose solution. After leaching, this form reached its greatest devel¬ 
opment in transfers to flasks of Quirk’s media and III. In the tube series 
it appeared in small quantities on Quirk’s niediiim I, potato-dextrose agar, 
and Thaxter’s agar. 

All three color typt\s showed up most strikingly on Quirk’s medium II 
inoculated after leaching. Tlie first to appear (in 18 hours) was an S 
chalk-white growth which gradually changed to RS and spread over the 
surface, the only type visible during the first 5 days. The 7tli day this 
white layer was dotted with numerems small, raised S j^ellow and S pink 
colonies. 

During the 34 serial passages covering a 2-years’ association with the 
virus in vivo, some factor or factors had encouraged the development of the 
less infectious Iv-S opaque-white and the non pathogenic S pink variants at 
the expense of the virulent S yellow type commonly recognized as Xantha- 
monos phaseoli. This ‘‘typical” virulent form was assuming a subordinat<* 
role and having difficulty in asserting itself. 

“Plaques,apx)eared in all beef-infusion agars inoculated Ixdore and 
after leaching, on potato-dextrose agar before leaching, and on Quirk’s 
medium I after leaching. 

Sfoond linfol transfers from the aged plate of P(M + P)^*, Transfoi-s 
were made to potato-dextrose agar, Thaxter’s potato-dextrose agar, and pH 
7,0 beef-infusion agar from each of the flasks of Quirk’s media IT, HI, and 
IV, when the latter were 13 days old. 

The P(M H-P)'*^ strain of Xunthowonas phaseoli still dissociated in these 
second lineal transfers from the aged plates. 

The mildly pathogenic R-S white variant \vas the first to appear in all 
cultures of the nonleached seri(‘s. The white form likewise developed first 
in the leached series with but two exceptions (on potato-dextrose and on 
Thaxter’s agars, in transfers from Quirk’s medium III) where only the 
“typical” S yellow form and a trace of S> pink appeared. The R-S white 
variant was the only type to ai)j>ear on potato-dextrose agar from Quirk’s 
medium III in the nonleached s(*ries or on j)II 7.0 agar from any source. 

The virulent S yellow form, nevertheless, was beginning, in these second 
lineal transfers, to recover from the subordination so marked in the initial 
cultures made from the aged plate (Fig. 1, Series B and C). It was regain¬ 
ing its normal dominance to a greater extent in the leached than in the 
nonleached series. 

« Small clear areas resembUng the plaques (bare spots) described bv d’Horello (7 
p. 12, 20, and 95) as due to the lytic action of bacteriophage. ' ' 
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The S pink form was ijresent in the leached set only. It appeared in 
cultures on potato-dextrose agar and on Thaxter’s agar from all sources. 

All three types appeared together in the potato-dextrose and the Thax- 
tor’s agars from Quirk’s media II and IV in the leached series. 

‘‘A ormaV^ strain. Tranfers from the aged plate before and after leach- 
ing (Fig. 1, Series B and 6’, respectively). The ‘‘normal” Xanthonionas 
phascoli was much less readily dissociated than was P(M + P)“*. The pre¬ 
liminary dz R white growth of the R—S white variant, so prominent in 
P(M-rP)^^, appeared only in transfers made after leaching with the hot 
0.5 per cent dextrose solutions though as the culture grew older some S white 
appeared on medium IV in the nonleached set. The R—S white form was 
conspicuous only in the flask cultures of Quirk’s media 11, III, and IV on 
wliich the dissociation phenomena are far better demonstrated than in the 
media most commonly us<‘d for bacterial plant pathogens. On Quirk’s 
media IE, HI, and IV in the leached series there was an S white growth in 
18 liours which w^as, however, quickly overrun by the “typical” virulent 
S yt‘ilo’w type so that in 5 days but little of the white growth was visible in 
any of tlie flasks. Ultimately it was covered completely. It was noted that 
the. K-“S white variant in this leached set of “normal” A", phascoli, though 
overrun so quickly by the S yellow type, was apparently less subjugated by 
the latter on medium II than on media III or IV, as was shown by second 
lineal transfers. 

In the tube cultures transferred either before or after leaching from the 
aged plat4?s of Quirk’s medium I, viz., to medium I. potato-dextrose agar, 
Thaxter’s potato-dextrose agar, pll 6.0, pH 7.0, and pH 8.0 beef-infusion 
agars, there was a striking contrast between the S yellow growth of this 
“normal” Xanihomonas phaseoW and the zb R white groAvth of P(M-f P)'^* 
(Fig. 2). Another notable difference between the two strains on these com¬ 
monly used media Avas the much greater inhibiting effect of leaching on the 
“normal” X. phaseali. 

The S pink form appeared in “normal” Xanthoinonas phuseoli only 
after filtering, a further contrast to P(M f P)•''^ This was also true of sec¬ 
ond lineal transfers. 

“Plaques” appeared less frequently than in P(M f P)"*^ and then only 
after leaching, viz., on pH 6.0 and pH 7.0 beef-infusion agars. 

Secojid lineal tra/nsfers from the aged plate of normal^^ Xanthomonas 
phascoli. Transfers were made from each of the flasks of Quirk’s media 
II, III, and IV (when 13 days old) to potato-dextrose agar, Thaxter’s 
potato-dextrose agar, and pH 7.0 beef-infusion agar. 

Unlike P(M i P)’‘^ the “normal” Xanthomonas phascoli, with a few 
outstanding exceptions, dissociated but little in these second lineal trans¬ 
fers from the aged plate. The R~S Avhite variant failed to appear in the 
majority of transfers (both nonleached and leached sets) and occurred only 
as a trace in a few others. The few outstanding exceptions to this minor 

7 There was some sUght out-t'ro])pifig of white on most solids at one time or another 
in the tube set of ‘^normaU’ X. phasf’oli made after leaching. 
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Fjo. 2. Floveii-dny-old transfers from aged plates of Qiiirl< medium I before and 
after Jeacdiing, showing difference between P(M + P)'‘* (.Y. phaneoli associated continu¬ 
ously in vivo for 2 years with bean virus 1) and ‘‘normal*’ X. phaseoli. 

Media, l:.ft to right: Quirk’s I agar, potato-dextrost*, agar, Tliaxter’s potato-dextrose 
agar, pH 6.0, pH 7.0, pH 8.0 beef-infusion agar. A. P(M + P)=“ cultured before leach¬ 
ing showing good ± R white growth; trace of H yellow type form in some. B. “Normal” 
strain CLdtiired before leaching; good “typical” H vellow growdh characteristic of the 
virulent type-form of X. phaseoli. C. PCM-hl*)"” cultured after leaching: irdiibition on 
potato-dextrose agar; good ±R white growth on all others, trace of S vellow and S pink 
forms. T). “Normal” strain cultured after leaching; marked inhibition of S yellow 
growth ; trace, of whitish growth in some. 
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role of the mildly pathogenic R-S white form were on pH 7.0 beef-infnsion 
agar from medium II in the nonJeached set and the transfers to all three 
media from medium II in the leached set. In all four of these cultures, 
the R~S white form was dominant and, furthermore, it was the only 
one to appear in two of them. The dominance of the Rr-S white form 
in all three transfers from medium II leached was all the more noteworthy 
because at the time these transfers were made, the preliminary zh R white 
growth in the parent flask culture had been completely overrun by the 
virulent S yellow type-form. 

The virulent S yellow form was dominant in all other second lineal 
transfers, occurring in seemingly pure culture in the majority and growing 
as hitherto considered characteristic^ of Xanihomonus phaseoli. There was 
jio trace of the S pink variant. 

II. Behavior of Check Transfers from Young Cultures 

At the same time that transfers of the two isolates, P(M + P)'‘^ and 
^‘normal'’ Xanihommias phaseoh\ were made from aged plates of medium 
I to flasks of Quirk’s media 11, 111, and IV and to the tube setup of Quirk’s 
medium 1 and the media most cMunmonly used for bacterial ]>lant pathogens, 
a parallel set of media was inoculated from young (3-day-old) steamed- 
potato cultun^s (Fig. 1, S(unes A). Both the undiluted bacterial growth 
ami a suspension in pH 7.0 beef-infusion broth were used as inoculum. 
There was no leaching. 

Both P(M-i P)'^'^ and “normal” Xanthomonas phaseoli from young 
cultures produced, in 18 lionrs, the good S yellow growth characteristic of 
the virulent form of this organism. There was no trace of the preliminary 
<'lialk-while growth varying from R to 8 which was dominant in all 
P(M-f P)'"* transfers from aged plates of Quirk’s medium 1 and which, in 
the ease “normal” A', phaseoli, Avas visible for a short time only in flask 
transfers made to Quirk’s media 11, HI, and IV from the aged plates after 
leaching. 

As the transfers from Aouug parent cultures greAV older, some traces 
of a white form appeare<l in some of them as whitish streaks or natches, and 
on medium lA’ an infiltrating Avhile form appeared. This was trne of both 
“normal” Aanthom<nias phaseoli and P(M+^P)‘^. No S pink form ap¬ 
peared in either .strain. 

In short, when young cultures Avere used as inoculum ior a comparison 
of the two strains, the inherent ilitferences between them were not evident 
on either the media most coniiiionly used for bacterial plant pathogens or 
on Quirk’s media I to IV. 

III. Filtrates of Dissociated Cultures 

Very much less difference between the strains P(M'f P)‘“* and ‘‘noiunal” 
Xanthommtas phaseoli with regard to dissociation was apparent in cultures 

8 Copious syrupy S yellow growth on media rich in carbohydrates. 
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from the filtrates (Fijr. 1, Series D) than was found between them when 
cultured after aging and leaching, but prior to filtering. In each strain a 
white or colorless form varying from 11 to S and, for the most part, biit 
mildly infectious came through the filter. In some cases there w'as also an 
S yellow form. 

In the second or third lineal transfers from the filter tubes (both strains), 
the S pink variant not infrequently put in an appearance. The pink form 
occurred in the form of superimposed colonies or as streaks or sectors in 
the white or greenish yellow S growth. The S pink variant was much more 
conspicuous in the P(M 4- P)^^ strain than fn the “normal’^ strain. 

Of special interest are the facts that: 

1. The filtrate of neither strain produced growth in more than one of 
the commonly’ used culture media in the tube setup made directly from the 
filter tubes as soon as possible after filtering (Fig. 1, Series D). There was 
growth in pH 7.0 beef-infusion broth wdth P(M + P)'*^ and in pH 6.0 broth 
with ‘‘normal” Xaniliomono^ phaseoU. On the other hand each strain pro¬ 
duced growth of some kind on Quirk's media IT, III, and IV in the flask 
setup of the same date. 

2. The barely visible, finely roughened, film-like growth occurring on 
Quirk’s medium II with P(M + P)^^ and on Quirk's media II and III with 
the “normal” strain was wholly unlike anything previously encountered 
with Xmitliomonas phasroli. Smears from the films on medium IT (both 
strains) showed the presence of rods and cocci. Filaments also were ])res- 
ent in the “normal” strain smears, some very long and branched, some 
segmented and breaking up. Such plcoraorphism is characteristic of K 
forms in general and has been reported for many animal pathogens. Trans¬ 
fers from the P(M P)'^^ film produced clouding in pH 7.0 beef-infusion 
broth and an S greenish yellow growth with white margin on pH 7.0 beef- 
infusion agar. A pll 7,0 agar subculture of the last mentioned had striking 
S pink sectors in the S greenish yellow nailhead. No visible growth ap¬ 
peared in transfers from the P(M i P)'^^ film to potato-dextrose agar or 
Thaxter's potato-dextrose agar. 

Transfers from the “normal” strain film on Quirk's medium II pro¬ 
duced an R colorless film on pH 8.0 beef-infusion agar but no visible growth 
on any other of the media most commonly used for phytopathogenic bacteria. 

The film produced by the “normal” strain on Quirk's medium III was 
similar in appearaiace to those above mentioned but w’as interspersed Avith 
clear areas and consisted, at the time of examination, of spherical bodies 
(which may have been filaments broken up). It resembled ice thawing 
and breaking up on a lake. Transfers from this to a set of the most com¬ 
monly used culture media produced an ItS chalk-white growth on pH 6.0 
beef-infusion agar, an R colorless film on pH 8.0 agar, and a scant growth 
of S colorless colonies on Quirk's medium I. There w^as no visible grow^th 
on other media. 

3. The filtrate pf the “normal” strain did not revert to the “typical” 
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S yellow form in vitro through agiug in pH 6.0, pH 7.0, or pH 8.0 beef- 
infusion broths. The term “reversion’’ is used in this paper in the sense 
of a return to the type-form of Xanihomoifia^ phaseoli. This might result 
(a) if individual cells in the “atypical” growth gave rise to progeny con¬ 
taining both “atypical” and “typical” forms of Xanfhomonas phaseali and 
the latter subsequently gained predominance or (b) because of the develop¬ 
ment of the “typical” form already present but masked in the “atypical” 
growth or from a combination of (a) and (b). 

The transfers to the pH 6.0, pH 7.0, and pH 8.0 beef-infusion broths 
for aging w^ere made on April 25 from the March 11 culture on medium IV 
wlien it was 6J weeks old (see Fig. 6). At intervals up to the 76th day, 
transfers to a tube setup were made from these broth cultures with the fol¬ 
lowing results: 

Not even a trace of a yellow form came up in any transfer from the 
filamentous form of the K-S white variant in the pH 6.0 broth. Greenish 
yellow growth appeared in early transfers from pH 7.0 and 8.0 broths but 
by the 76th day the B-S white variant was dominant in subcultures of each. 
There was a trace of the S pink form in some transfers from each of the 
tliree broths. Jn other words there was at no time, in any of the subcultures 
of tliese broth transfers taken from the aged March 11 flask culture on 
medium TV, any growth resembling that of the “t.vpieal” virulent S yellow 
form of X(t7ithomonas phaseoli. 

On the other hand, in 10 days there Avas reversion in vivo of the R-S 
white variant from the “normal” strain filtrate to “typical” S yellow 
Xanthomoiias phaseoli. The inoculum was from a pH 7.0 beef-infusion 
agar tran.sfer from the same March 11 flask culture on medium IV, but made 
when the latter was but 12 days old (Fig. 6, Inoc. 3). 

4. After 10 days’ incubation of the filtrate in the 0.5 per cent dextrose 
solution in the filter tubes,'^ transfers to Thaxter’s agar from both strains 
gave the characteristic S yellow growth of “typical” Xanfhomonas phaseoli. 
In the P(M ^ P) “ strain there were white patches of the R~S white variant 
as 'well. 

niCAN PLANT INOCULATIONS 

I. Dissociated Cultures Used as Inoculum Prior to Filtering 

A. Flask cultures on Quirk^s mednnn IV as inoculum. 

Two-week-old cultures on Quirk’s medium IV made from the aged plates 
of Quirk’s medium I before and after leaching were used as inoculum on 
Stringless Green Refugee bean seedlings. 

Results with the ^^normal^^ strain {Fig. i, March 24 inoculations 1 and 
II), The “normal” Xanthomonas phaseoli, both before and after leaching, 
w’as extremely virulent, markedly more so than was P(M + P)®^. It worked 
more rapidly and caused a much more severe type of bacterial infection. 
The difference 'was particularly marked in the secondary infection on the 

0 After the initial transft rs, the tubes of filtrate had been kept under observauon. 
In 10 days the ‘‘normaP' filtrate was still clear, that of P(M + P)«^ clouded. 
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stems where, with the ‘‘normal” strain, tliere was iinieh external diseolora* 
tion in 28 out of 29 (96i per eent) of the plants inoeulatcd March 24; and 
22 of them had bacterial ooze. The pathojreiiicity of the “normal” strain 
was little affected by the leachin", probably because the less virulent R-S 
white variant which came up in the 3 "ouiig cultures was so quiekl^’^ overrun 



Fig. 3. Inocui.ntioiiH of >)can plants with dissociated + before and after 
leaching, showing ancestry and color of cultures used as inoculum. Plus signs are quali¬ 
tative rather than (|uantitativc symbols of Imcterial inf(‘ction. 

Abhraviations: Media: I—IV, Quirk’s potato media; PP, potato-dextrose agar; Tli, 
Thaxter’s potato-dextrose agar; 7.0, pH 7.0 beef infusion agar. Color of growth: P, 
pink; W, white; Y, yellow; w, trace white; y, trace yellow; gW, greenish-white; gY, 
greenish-yellow. 

This greater virulence of the “normal” strain was to be expected since 
the dissociation of the two strains had shown that the “normal” contained 
a much greater concentration of the highly virulent S yellow form than did 
P(M f No seed infection was observed in the checks. 

Results with P{M (Fig. 3, March 24 inoculaiUms aandB). Cul¬ 

tures of P(M-f P)®^.on Quirk's medium IV produced, like those of the nor- 
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Dial strain, 100 per cent bacterial infection, both before and after leaching, 
but though this was good to excellent on the inoculated primary leaves, the 
secondaij' iniection on the stems was very mild. There was also evident in 
this strain, a marked lessening ol the invasion of stem tissues in the plants 
inoculated with cultures in the leached series. This was not surprising 
inasmuch as a study of the dissociated cultures had shown that the leaching 



had further favored the weakly-pathogenic or avdrulent variants, R-S white 
and S pink, seemingly already encouraged by the 2 years’ association with 
the virus rn vivo. The majority of the plants inoculated with F(M i P)“* 
before leaching showed slight but distinct stem discoloration and some in¬ 
ternal browning. On the contrarj', of those inoculated with leached 
P(M ! P)®", 14 out of 22 (64 per cent) showed no external or internal sign 
of stem infection though microscopic examination revealed the presence of 
bacteria in the stem tissues of 21 of the 22. Bacterial ooze was present in 
but 4 of the 33 plants inoculated March 24, 2 out of 11 in the nonleaehed 
series, and 2 out of 22 in the leached series. No seed infection was observed 
in the checks. 
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B. Subcultures from initial flask cultures as inoculum {Second lineal trans¬ 
fers from aged plates of strain P{M + P) ** and normaV^ strain). 

No direct inoculations were made from flask cultures on Quirk’s media 
II and III from the aj^ed plates of the two strains before and after leaching, 
but 15 selections from 12-day-old transfers from said flask cultures (when 
two weeks old) to potato-dextrose, Thaxter’s potato-dextrose, and pH 7.0 
beef-infusion agar (Figs. 3 and 4, March 23 cultures) were tested for 
pathogenicity on 2-week-old Stringless Green Kefugec bean seedlings. 

On the same date, 12-day-old transfers from flask cultures on medium 
IV from the aged plates (both strains; le|?ehed series) were tested on bean 
plants for comparison with the March 24 inoculations with the parent cul¬ 
tures on medium IV per se recorded above (Section A). 

Results of inoculation {both strains. Figs. 3 and 4, April 4 inoculations). 
The difference in results obtained with the two strains Avas on the whole 
much less marked in these inoculations witli the second lineal transfers than 
in those described in Section A made with the initial flask cultures on 
medium IV transferred directly from the aged plates (Figs. 3 and 4, March 
24 inoculations). All the second lineal transfers from the aged plates of 
each strain produced bacterial infection, although in some sets there was 
no external sign of primary infection on the nibbed leaves or of secondary 
infection on the stems (both strains); the plants in such cases were believed 
to be healthy until microscopic examination revealed the presence of bac¬ 
teria in the stems. Such masked infection occurred in 4 sets of inoculations 
with the ‘^normal” strain (h^ig. 4, April 4 inoculations 5, VI-VIII) and 
in 2 of the P(M^-P)'^‘‘ sets (Pig. 3, April 4 inoculations e and J). It 
ranged from 16^ to 60 per cent of the plants inoculated with “normal” and 
from 35 to 66§ per cent with P(M P)’*^. (The plus signs in figures 3 and 4 
are qualitative rather than quantitative symbols.) 

Though the 18 transfers were pathogenic in varying degrees (both 
strains) none was sufficiently virulent to cause severe leaf infection, prema¬ 
ture killing of primary leaves, or girdling, splitting, or breaking of the 
stems. Where the R-S white variant was dominant in either strain (more 
often than not on pH 7.0 beef-infusion agar), there w^as mild or poor, usually 
masked, infection. Sometimes the signs of disease were confined to barely 
perceptible discoloration of a single vessel in the stem. There was always 
more or less good infection with either strain wherever there was a fair 
amount of the S yellow form in the culture used as inoculum. 

There "was no obvious effect of the S pink form on the virulence of the 
S yellow form. 

The subcultures from Quirk’s medium IV leached (both strains) were 
much less virulent (Figs. 3 and 4, April 4 inoculations K, L, and X) than 
had been those from the parent flasks per se (Figs. 3 and 4, March 24 inocu¬ 
lations B, II). This decrease in virulence in the second lineal transfers 
was more pronounced with P(M-^-P)•'*^ The subcultures from medium IV 
leached (both strains) had been made the day preceding the use of the 
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2-\veek-old parent flasks as iiioeiiliiiii on March 24, and were themselves 
used for inoculation at approximately the same age. 

No evidence of seed-borne infection (bacterial or virus) was observed 
in the lar^c number of noniiioeulated checks nor did microscopic examina¬ 
tion of these healtliy appeariu*? ])lants reveal the presence of bacteria. 

II. Filtrates of Dissociated Cultures Used as Inoculum 

With the filtrate of each strain ^rown on various media, bacterial infec¬ 
tion, mild for the most part, was produced on Strinjrless Green Refujree bean 
seedlings (Figs. 5 and 6). No culture was wholly avirulcnt. 

With a single exception, no visible loaf infection was produced with the 
filtrate of either strain of the organism when the inoculum consisted of (a) 
any of the initial transfers ot* March ]1, (b) subcultures of the same, or 
(e) the contents of the filter tube per se after 10 days’ incubation. 

In the exceptional case cited (Fig. 6, April 4 inoculation 3 with pH 7.0 
beef-infusion agar subculture of the “normar’ strain on medium TV) the 
R-S white variant produced inconspicuous water-soaking on the rubbed 
primary leaves and mild stem infection in 40 jier cent of the plants. Isola¬ 
tion plates from the watersoaked s])Ots on one of the rubbed leaver 10 days 
after inoculation, showed that the It-S white variant had, for the most part 
reverted in the host to “ typicaT’ S yellow Xanihomonas phascoH. There 
were innumerable S yellow colonies and but 4 colonies of the R-S W'hite 
foi’ui. At the time it was used for inoculum, the R-S white variant had 
been making a S growth and the 4 colonies mentioned were S white. 

Stem in lection was produced by all the filtrate cultures although in some 
eases (both strains) there were little or no external signs of this. How¬ 
ever, microscopical examiiiatimi revealed bacteria in 9 to 100 per cent of 
these seemingly healthy plants. (Plus signs in figures 5 and 6 are qualita¬ 
tive rather than quantitative symbols.) 

The only severe infection on both leaves and stems (Figs. 5 and 6, May 
16, inoculations g and 9) was produced by potato cultures (both strains) 
descended via Thaxter’s potato-dextrose agar, from the bacterial suspension 
in the filter tubes^^ incubated 10 days, during which time the “typical” 
virulent S yellow form of Xanihomonas phascoli had developed. There 
was 100 per cent excellent infection on tlie rubbed primary leaves, wuth 
girdling, splitting, and breaking over of the stems accompanied by extrusion 
of bacterial slime. It is interesting to note by way of contrast that inocula- 
lions made directly from the bacterial suspension in the 10-day-old filter 
tube (both strains) had produced no visible infection on the leaves and only 
mild symptoms on the stems although 100 per cent of the plants inoculated 
wdth P(M . P)=“ (filter tube clouded) and 40 per cent of these inoculated 
wdth “normal” X. phaseoli (filter tube still clear) were infected (Pigs. 5 
and 6, March 20 inoculations a and 1). 

Plates poured from one of the severely infected stems from the 

10 The identical filter tubes had been used for the initial transfers. 
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Fig. 5. Inoculations of bean plants with filtrates of leached plate culture of 
P(M + P)“ aged on Quirk ^s medium I, showing ancestry and color of cultures used as 
inoculum. Plus signs a*-e qualitative rather than quantitative symbols of bacterial 
infection. 

Abbnmatiofis: Media: III and JV, Quirk’s potato media; PD, potato-dextrose agar; 
Th, Thaxter’s potato-dextrose agar; 6.0, 7.0, 8.0, pH 6.0, pH 7.0, pH 8.0 beef-infusion 
agars or broths; Busp., sterile-distilled-water suspension of bacteria. Growth: Cld., 
clouded; fil., filaments; W, white; Y, yellow; pW, pinkish white; gY, greimlsh yellow; 
V', trace yellow. 
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P(M + P)®* inoculation set g, contained both ^^typicaP' Xanthomonas 
phaseoU and the mildly pathogenic yellow variant of A . phaseoli described 
by the writer in an earlier paper (5, p. 6G5 and footnote 12). The variant 
was much in the majority. 

Mosaic was produced in 100 per cent of the plants inoculated with non- 
diluted bacterial growth from the aged (2 months) initial flask culture on 
Quirk’s medium IV of the filtrate of P(M + P)®^ (Pi?. 5, May 16 inocula¬ 
tion e). There were no macroscopic signs of bacterial infection. Unfor¬ 
tunately only 6 plants were included in this set. The 11 plants inoculated 
at the same time with a suspension of bacteria fi6m the same flask culture 
showed no symptoms of either mosaic or bacterial infection but microscopi¬ 
cal examination revealed masked bacterial infection in 36J per cent of them. 

In the comparable inoculation of 15 plants with the “normal” strain 
filtrate (Fig. 6, May 16 inoculation 7) there was 100 per cent severe bac¬ 
terial infection causing breaking over and killing of stems but no visible 
leaf lesions. Among the 11 plants inoculated with the bacterial suspension, 
4 showed mosaic symptoms. 

In the large number of noninoculated check plants no sign of seed-borne 
infection, bacterial or virus, was observed nor were masked bacteria revealed 
by microscopical examination of these healtliy-appearing plants. 

DISCUSSION 

The P(M 4 P)®^ culture used for the dissociation studies originated from 
a single colony of XanfJiomonas phaseoli. It was transferred from an isola¬ 
tion plate containing but 5 colonies and these well distributed. The *‘nor¬ 
mal” strain likewise originated from a s’igle colony in a tliinly-sown ])late. 
The colonies of the 2 strains were indistinguishable in appearance as were 
also the young cultures on steamed potato cylindtu-s used as source inoculum 
for the dissociation experiments. 

The conditions prevailing in the much stunted bean plants of the 34th 
serial passage of the 2 infective agents from which P(M f P)®^ was isolated 
were such as those described by Piker (12) as being particularly conducive 
to variation in bacterial plant path(»gens, namely those “i)rcventing rapid 
vegetative growth,” 

That variants existed in the serial passage.s had previously been sliown 
by isolation plates as reported in an earlier paper (5). It was presumable, 
therefore, that the bacterial i)opulation in these dwarfed plants of the 34th. 
serial passage of the associated infective agents was a complex of variants 
of Xanihomonas phaseoli and that, furthermore, these might be masked in 
colonies outwardly indistinguishable from those of “normal” X. phaseoli. 

The object of these studies was to determine whether a colony transfer 
of P(M + P)®^ when subjected to a dissociation technique would differ from 
one of “normal” Xamihomo'nas pha^seoK in a way which might explain the 
subsequent decrease in pathogenicity of the bacterial pathogen in the serial 
passages. 



1946] 


Hedges: Association op Bacterium and Virus 


607 


What variation the j)rogeny of single cells may undergo is another prob¬ 
lem and one which it is hoped will be undertaken by other investigators. 
No generalization regarding the variation of Xanthomonas phaseoli could 
have been made, however, from single-cell studies of P(M + P)®^ as it is well 
known that strains of bacteria vary greatly in their ability to dissociate and 
there is great need for the study of many strains before it will be possible 
to determine the norm for a given organism in regard to variation. Fur¬ 
thermore the progeny of different single cells may differ one from another. 
Hence the study of the progeny of many single cells from each of the many 
strains would be necessary to conijilete the picture. 

It is interesting to note in this connection that a number of investigators 
have shown that single cells may produce unlike progeny. For example, 
Bengsten (1), working Avith organisms connected with botulism, demon¬ 
strated that the progenj^ ot‘ a toxic single-cell culture of type C (the Saun¬ 
ders’ strain isolated from fly larvae) contained both toxic and nontoxic 
individuals. The progeny of nontoxic single cells, on the other hand, never 
gave rise to toxin-T)roducing cultures. Quirk (10) found that by pH con¬ 
trol she could produce pure i)late-cultures of A’irulent S or avirulent R 
forms of BacilJvs phyiophthorys from single-cell isolates of either type. 
M(*.Vew (8), working with the ])rogeny of a single cell of Bacterium stewarti 
E. F. Sin. isolated by tin* Hiker (t aL hanging-drof) method, found that 
Aveakly virulent strains developed from highly virulent cells in nutrient- 
dextrose broth at 25-27'' C. and gradually re])laced the parent type. He 
states that cultures containing weakly virulent cells were not appreciably 
attenuated unless the proportion of highly virulent parental strains fell 
below 21 per cent. 

Sectors indicating a sudden change from the parent culture, have been 
observed in single-cell cultures by various Avorkers. For example, Nirula 
(9), Avorking with an unidentified organism, found in several single-cell cul¬ 
tures Avedge-shaped sectoi’s fi’om Avhicli he was able to separate strains mark¬ 
edly different from the parent cultures. These variations remained constant 
and reversion could not be induced by s])ecial methods of culture. More re¬ 
cently Elliott and Hobert (J5) found sectoring in nearly all of the colonies 
in potato-dextrose-agar jilates poured from one of the progeny of a weakly 
virulent single-cell culture of Bacierhnn steivarfi. Tn this case the varia¬ 
tion appeared to be for color only. 

The filtration of P(M • T)'^* «ml “normal*’ Xanthomonas phaseoli cov¬ 
ered a longer period than is customary in filtration studies. This step (Fig. 
1, Series D) was not reached till late afternoon and as filtration was carried 
on by gravity rather than by suction, in order to avoid the possibility of 
pulling the bacteria through the filter, insufficient filtrate had been obtained 
by nightfall to make the necessary number of transfers. Hence, the filtra¬ 
tion setup was put into a refrigerator held at 10° to 12° C. and the traaisfers 
were made early the next morning. At this temperature Xanthomonas 
phaseoli could not have gi’OAvn through the filter overnight. 
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White variant. The white variant of Xanthomonas phaseoli, varying: 
from E to S, is the one that, in the writer’s experience, has been the most 
commonly encountered both in vitro and in vivo. The same culture may 
be R or S or RS at different stages of its development. It has shown marked 
pleomorphism in certain pliases of the variation process, as is commonly 
reported for R forms in general. It has been most markedly brought to the 
fore, particularly in r(M i P)"", by Quirk’s dissociation technique with her 
media I to IV, but has now and then been observed as a secondary growth in 
old steamed-potato cultures ot‘ a number of strains of A", phaseoli in addition 
to those discussed in this i)aper. Colonies of^jthe R~S white variant have 
appeared from time to time in years i)ast in pll 7.0 beef-infusion-agar plates, 
from plants naturally infected with X. phafscoli. These colonies occurred 
much less frequently and in smaller numbers in j^lates lumred from such 
plants, however, than in those from plants inoculated in the writer’s asso¬ 
ciation studies of X. plKUivoli and bean virus 1 previously described (5). 
In the latter studies, (‘olonics spectacularly dissociating into white and 
yellow forms also were isolated at times from serial passages of bean juice 
containing the two infective agents (5, Fig. 2). 

The ability of the R-S white variant to revert in ])art’^ to the “typical” 
S yellow Xanthomovan phaseoli in vivo, as noted in j>athogenicity tests of 
the filtrates of the dissociated “normal” strain, was coiToborated in latei- 
unpublished studies of another strain, “Wyoming 1940.” both with cultures 
dissociated by Quirk’s technique and uith ])otato cultures from a series .in 
which the R~S white variant had arisen spontajieousl^' and superseded the 
S yellow one. The recurrence in the writer’s (M • P) serial passages (5) of 
bacterial symptoms on the inoculated primary leaves after an absence for 10 
such passages is believed to be due to such reviTsion of the R-S white 
variant. 

Reversion also takes })lace in vitro, though less readily in the wTiter’s 
experience. An occasional S opaque-white colony of Ihe R-S white variant 
produced “typical” S yellow growth on steamed potato and excellent S 
white growth on pU 7.0 beef-infusioii-agar in transfers made on the same 
date. Iii such cases the medium appears to exercise a selective action on the 
types occurring in the colony. 

Though the R-8 white variant is usually but mildly pathogenic, the 
writer on one occasion encountered in this form of the “Wyoming 1940” 
strain a phase in the early stage of its transition from the S yellow t\q)e- 
form when it was extremely virulent and did not revert to S yellow in the 
host. At the opposite end of the pathogenicity scale of this wliite variant 
of Xanthonnonas phaseoli, Wyoming-1940 strain, w^as a phase Avhich has been 
completely avi^ulent in the writer’s studies. It forms ± R colonies of the 
medusa-head type consisting of filaments (unpublislu^l work). The writer 

has isolated similar colonies from the serial passages of (M + P). 

li There wtre always, in addition to the ‘HypicaP’ S yellow colonics, some of the 
B-'S white variant piesent in the isolation plates from plants wherein reversion had 
.#»eeurred. 
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Unlike the starch-lovin*!;^'^ S yellow type-form, the K~S white variant is 
very erratic in its reaction to steamed potato cylinders as a medium and 
frequently fails to grow at all thereon. 

The studies described in this paper show that variants, both weakly 
pathogenic It-S w^hite and nonpathogenic 8 pink, were very much more 
readily dissociated from the parent colony in the case of strain P(M + P)®‘* 
than in that of the ‘‘normal” strain of Xanthommaa phaseoli used for com¬ 
parison. In the dissociated cultures of P(M + P)'’^ the mildly pathogenic 
Kr-8 white variant was dominant. In the dissociated cultures of the “nor¬ 
mal” strain on the other hand, the dominance of the “typical” virulent 8 
yellow form was very marked. AVas this dominance of the weakly patho¬ 
genic K~8 w^hite form in P(M^ P)”^ due to the direct action of the virus 
upon the bacterium during their association in vivo or to its indirect influ¬ 
ence through the stunting and physiological changes it caused in the host, 
conditions conducive to the jn-oduction of variation in bacterial plant patho¬ 
gens; to the mere presence of the virus and its competition for nutrient sub¬ 
stances; in part to continuous plant passage per or to a combination of 
factors ? 

Until we know' more about the mechanism which gives rise to the results 
observed in bacterial or bacteria-and-virus associations, and understand 
more clearly the fundamental biological nature of the phenomenon of vari¬ 
ation in the bacterial cell per se, we can do little more than speculate as to 
the answer. Too many unkn<»wn factors are involved. 

Studies by Hedges and Fisher (6) relative to the effect of nutrient solu¬ 
tions containing varying amounts of nitrogen on the pathogenicity of the 
bacterium and the virus in rivo, either alone or associated in serial passages, 
show'ed that uiidei’ the conditions of those experiments, the amount of N 
oi)limum for j)lant growth was oiitimum for both infective agents. 

The demonstration of mildly pathogenic and avirulent variants of 
Xanthomonas phaaroli calls attention to the fact that the pathologist or 
])lant breeder has solved but a part of his problem if he takes into con¬ 
sideration only the so-called “normal” type of this pathogen. Further¬ 
more, tin* influence of certain culture media in bringing one or another form 
of the parasite? to the fore emphasizes the importance of the medium as a 
factor which often affects stability of a given type of organism under cul¬ 
tural conditions. 

SI mmary and conclusions 

These dissociation studies of Xanthomonas phaseoli w'ere undertaken for 
the purpose of discovering whether changes had taken place in the bac¬ 
terium during its 2 years' association wdth the virus in vivo (4, 5) which 

12 Evidenced by its luxuriant growth on steiiined potato cylinders and its strong 
diastasic action. 

13 Parallel tests of 3 strains of -T. phaseoli in serial passages from bean plant to bean 
plant of juices containing the respt'ctive isolates, have produced no diminution in severity 
of symptoms of bacterial infection to date, after 16 serial passages covering 6i months 
(unpublished work). 
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might account for its decrease in vii’ulcn<'c and failure to maintain con¬ 
tinuously its “typical” form in the host tissues. The writer hoped further¬ 
more to determine whether there existed a filterable form of Xanfhomonas 
phaseoli whieh was capable of producing mosaic. 

Quirk’s technique of dissociation was emplo 3 cd involving the use of her 
special media I to IV (11) and including the media commonly used for 
pbytopathogenic bacteria. Check transfers to all media were made from 
young cultures. 

Dissociated cultures manifested striking differences between a “normal” 
.strain of Xanthomonas phaseoli and strain P^pi P)^'*, a strain associated 
c()ntinuou.slj^ for 2 years in vivo with the virus of the common bean mosaic. 
P(M i P)”" had been isolated from the .34th serial pa.ssage of infected juice 
from beau plant to bean i)laut, i.c., shortly before (a) the disai)pearane,e of 
all bacterial symptoms from the inoculated plants, which occurred in the 
36th serial passage, and (b) the sudden onset of ultra-severe mosaic, in the 
38th serial passage (5). 

The variations proved to be for col(»r as well as for pathogen ieit.v' and 
K and S. In the dissociated cultures of P(M ‘ 1’)’^, the mildlj’ infectious 
Er-S opaque-white and nonpathogeuic S pink variants developed at the 
expense of the “typical” virulent S j'ellow form. This was best demon¬ 
strated in Quirk’s media II and HI. In tlic dissociated “normal” strain, 
on the other hand, with the exception of a trace on nuulium IV in the 
uonleached set the weakly pathogenic li-S white variant appeared onlj- 
after leaching and was quickly overrun by the S yellow' form. The S pink 
variant appeared in the “normal” strain only after filtering. The dissocia¬ 
tion phenomenon and the differences between the two sti'ains wiua* far better 
demonstrated on Quirk’s media II, HI, and 1\ than on the media most 
commonly used for phytopathogenie bacteria. 

The initial transfers of the filtrates of the leached, aged, niediuni-1 plate 
cultures of each strain (Fig. 1. Series D) produced growth on Quirk’s media 
Il» III, and IV. Transfers made at the same time to !1 media eommonlj’^ u.sed 
for bacterial plant i)aihogeus resulted in growth in two only, both beef- 
inlusion broths, Viz,y pll 6.0 inoculated with “normal” Xooihonio'nas 
phaseoli and pH 7.0 with I’(M+I‘)='^ In all subeullures from the two 
strains in thc.se respective broths the E-S white variant was dominant. 

A barely visible, colorless, finely roughened, film-like growth was pro¬ 
duced on medium 11 with the filtrate of each strain, and on medium III 
with that of the “normal” strain. Transfers from such films grew on a 
few media.- Each strain produced on medium IV an initial S ^owth of 
the E-S white variant followed by the S yellow form in the case of the 
“normal’’ strain or by the S greenish yellow form with P(M-i P)’^. 
P(M t ?)»■• produced a similar growth on medium HI. An S pink variant 
appeared in second or third lineal transfere from the bacterial suspension 
in the filter tube in each strain. It occurred in the form of superimposed 
colonies, streaks, or sectors, and it was much more conspicuous in the 
P(M + P)®* strain. 
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The “typical'' virulent S yellow form M^as recovered from the filtrate of 
each strain when transfei’s to Thaxter's potato-dextrose agar were made 
from the filter tube after 10 days’ incubation. In the case of P(M4-P)''^ 
tliis was accompanied by jjatches of S «,^rowth of the ll-S white variant. 

Inoculations of Stringless Green Kefugee bean seedlings with the dis- 
sociat(Ml cultures of each strain showed that none of those tested, including 
filtrates, Avas wholly avirulent. The severity of infection was directly pro¬ 
portional to the amount of the S ^^ellow form in the inoculum. When the 
U-8 wliite variant was dominant infection was poor or only fair, rarely 
visible on the inoculated leaves, and more often than not revealed only by 
microscopic examination of the stem. The li-S wliite variant from the 
“normal” strain filtrate reverted to “typical” S yellow Xanthomonas 
phdseoU in the host within 10 days after its use as inoculum. 

Some mosaic appear(‘d in inoculations w’ith aged, medium-IV flask cul¬ 
tures of the filtrates of each strain. However, although the large number 
of inoculated checks showed no sign of seed infection, more w'ork would 
need to be done and with a greater number of plants to prove conclusively 
that a filtrate of Xanthomonas phaseoU culture w^as capable of producing 
mosaic. 

The wrilei* coiufhides tliat the dissociation studies explain the decrease 
in virulence of Xanthomonas phasroli during its 2 years’ in vivo association 
with the common bean-mosaic virus by demonstrating the increased develop¬ 
ment of the WTakly pathogenic H S white and nonpathogeriic S pink variants, 
wliich re.sulted in the partial suboi’dination of the virulent S yellow type- 
form of the bacterium. 

The writer believes that the properties of virulence, mild virulence, and 
avirulence are iidiereut in all so-called “typical” cultures of Xanthomonas 
phascoli and that the dominance of one or another ty])e may be determined 
by a number of fa<*tors both in vitro and in vivo. In this connection it seems 
quite probable that an associatt»d infective agent, if present, may play, either 
directly or indirectly, an important role. 

In studies such as those reporte<l in this paper there are, in the opinion 
of the writer, a number of problems that re(|uire for their solution the col¬ 
laboration of patliologist, bacteriologist, virologist, biochemist, geneticist, 
and physicist. 

Plant iNDrsTuv Station, 

Beltsvillk, Maryland. 
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ASSOCIATION OF XANTHOMONAS PHASBOLI AND THE 
COMMON DEAN-MOSAIC VIRUS, MARMOR PHASEOLl. 

HI. THE EFFECT OP VARYING AMOUNTS OP 
NITROGEN ON PATH0(}ENIC1TY 

F L 0 It K S (’ K 11 K I) « E S AND II K K B E R T F I S II E R 1 
(Accepted for publication March 30, 1946) 

INTRODUCTION 

Earlier studies by the senior author (2, 3) demonstrated that the virus 
symptoms jiredominated in s(‘rial passaju^es from bean plant to bean plant 
of bean juiee containin^^ Xanihonumas pha.w)Ii (E. F. Sm.) Dowson and the 
virus of the eommon bean mosaie, Mannor phaseoli Holmes. The mosaic 
symptoms suddenly assumed an ultra-severe form in the 38th serial passage, 
after tv*o years’ uninterrupted association of the virus with the bacterium 
in the liost. Bacterial symptoms on the other Jiand varied from none or very 
mild signs of infection to good tvjiieal A", phaseoli lesions. No severe secon¬ 
dary bacterial infection (XMUirred at any time. 

Very virulent isolates of Xauthtnnonas phasi oU were obtained from time 
to time by means of poured [ilates from the serial passages as well as colonies 
spectacularly dissociating into the '‘typii'a!” S yellow form and the mildly 
pathogenic white variant. (3. figure 2.) At times, notably in plates from 
plants with an ultra-severe form of the mosaic, no “typical” X. phaseoli 
a.p])eared. There were, however, aberrant forms wJiich the senior author’s 
later dissociation studit^s <4) of a virulent isolate from the serial passages 
led h(*r to conclude were variants of -V. phaseoli. 

That virus infections cause (‘onsiderable disturbance of the physiological 
lirocesses is well known (17). The common bean mosaic virus is no excep¬ 
tion to this general rule. It is not strange, in view' of this fact, that Xavtho- 
mottas phaseoli did not find good growling (*onditions in such host plants as 
those described in the serial passages (3). 

Various investigators iiave reporteil on the effect of nitrogen on both 
virus and bacterial infections, ( Spencer (9, 10, 11, 12, 13), working with 
toba(*co-mosaic virus, found a direct correlation between virus activity and 
the amount of nitrogen furnished the jilants and none between the growth 
of the host as influenced by the nitrogen supply ami the increase in vims 
content. In other words, an excess of nitrogen beyond that producing maxi¬ 
mum growdh of the host caused maximum susceptibility. 

Woods and Du Buy (16) concluded that sufficiently prolonged idtrogen 
starvation could prevent or retard multiplication of the tobacco-mosaic virus 
by reducing the activity of cyanide-sensitive respiration on wdiieh said multi- 

1 Formerly associate pathologist and junior horticulturist, respectively, Division of 
h'ruit and Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural 
Engineering, Agricultural Bosc.arch Administration, Plant Industry Station, Beltsville, 
Maryland. 
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plication depends. The work was done with tobacco seedlings grown in sand 
cultures. 

Considerable w’ork has been done by McNew (6, 7) and McNew and 
Spencer (8, 14) on the effect of nitrogen on Bacterium atewarti E. P. Sm. 
It was found that the maximum severity of infection with this pathogen 
occurred with excess nitrogen and that there was a tendency for virulent 
strains to be replaced by attenuated ones in seedlings rendered insusceptible 
by nitrogen deficieiic 3 ’. The ability of a strain to use inorgajiic nitrogen was 
essential to its virulence, weakly virulent strains being ol)ligate users of 
organic nitrogen (7), and there was a stronger temfency for the development 
of virulent strains in nitrogen-fed plants than in those deficient in nitrogen. 

Clayton (1) found that high nitrogen fertilization combined with low 
topping of tobacco plants, a cultural practice in some regions, favored maxi¬ 
mum development of wildfire by increasing susceptibility' to water-soaking 
which he found to be a necessary condition for the occurrence of the destruc¬ 
tive epidemic type of wildfire. Experimental field x)lants with low nitrogen 
fertilization were difficult to water-soak and were resistant to Pseudomonas 
tahaci (Wolf and Poster) Stapp in both sandy' and more fertile soils. 

A comjirehensive review' of the w'ork of numerous investigators on the 
effect of nutrition on the susceptibility' of plants to disease has been i)ub- 
lished by Wingard (15), 

The senior author \s earlier work (3) had been carried fui wdth pot experi¬ 
ments using sterilized composted soil. The [iresent investigations were 
undertaken with the purpose of studying the effect in sand (uiltures of vary¬ 
ing amounts of nitrogen on the disease complex and on the activity of the 
two infective agents sc. A preliminary rejiort lias been published (5). 


MATERIALS AND METHODS 

Bean seedlings were grown in sterilized, washed rpiartz sand and thinned 
to 3 plants per 4-inch pot in experiment I, (o 4 plants in experiment IV. 
Later 6-inch pots with 4 plants each wore used. The pots were supplied 
with saucers. 

The inocula consisted of (a) the crushed tops of infected plants from the 
serial passages of bean juice containing the bacterium and the virus, (b) 
pure single colony cultures of Xanthomonas phascoli growing on steamed 
potato cylinders, and (c) crushed infected trifoliate leaves or plant tops 
from serial passages of bean juice containing the mosaic virus. 

The inoculum was rubbed on the under surface of primary leaves wdien 
they were i to ^Tull grown, at which time the seedlings were usually about 
10 days old and no trifoliate leaves had unfolded. No carborundum was 
used. 

Feeding of the sand cultures began one or two days after inoculation and 
consisted of the addition of 100 ml. nutrient solution to each pot 6 times 
weekly'. The plants were watered with tap water as needed. 

The nutrient solutions containing low, medium, and high nitrogen were 
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made up according to the formulae published by Spencer (11, p. 770) in his 
paper on the effect of host ixutrition on concentrations of tobacco-mosaic 
virus. The solutions contained 9.8 p. p. m., 200 p. p. m., and 2000 p. p. m. 
nitrogen, respectively. 

For comparison, inoculations were made on plants grovring in sterilized 
composted soil. 

Noninoculated plants as checks on seed infection were grown both in 
sterilized sand watered with the nutrient solutions and in sterilized com¬ 
posted soil. They were kci>t isolated from the inoculated plants. 

The line of Striiigless Green Refugee bean used in these investigations is 
the same as that employed in all previous association studies by the senior 
author (3,4). The seed was collected by W. J. Zaumeyer from healthy plants 
in his breeding plots in Greeley. (Udorado, or from the writer’s healthy non- 
inoculated cliecks From the same seed source. The same is true of U. S. No. 5 
Refugee. 

Abbreviations 
M = bean mosaic virus. 

P - Xanthomonas phasettli. 

P. var. = a yellow variant of A\ phaseoliy differing from the ‘‘normal’’ strain 
in (‘olony characters (.‘1, p. 605, footnote 2), growth on steamed potato, 
and pathogenicity when first isolated. It usually reverts to the “nor¬ 
mal” form in later passages through the plant. The strain of P. var. 
used in these fertilizer experiments was isolated 4 years previously from 
the petiole of a trifoliate leaf of Stringless Green Refugee inoculated by 
rubbing the j)rimary leaves with X. pkasvoU Cuba 1934 strain ^ mosaic 
virus, and it was one of the strains used in the serial passages (3, p. 679, 
footnote 12). “Ty]>icar’ X. phaseoli was masked in the blade of the 
same trifoliate leaf aiul isolated therefrom. 

(M : P)*^^ and (M ! P)*'* - juice from the 57th and ()4th serial passages of 
bean juice containing the mosaic virus i “typical” X. phaseoli, 

(Mt P. var.)“‘’‘ juice from the 66th serial p^issage of bean juice containing 
the mosaic virus the yellow variant of A", phaseoli cited above. 

P(M P)^^ = an isolate of A", phaseoli from the 34th serial passage of the two 
infective agents, Used for dissociation studies (4). 

EXPERIMENT I 

Inoculations with (Af-rP)’*" 

The iiioc'ulum consisted of crushed tops of plants from the 57th serial 
passage of bean juice containing both infective agents. One Imiidred per 
cent of these plants had severe mosaic but no signs of bacterial infection at 
the time their tops were used as inoculum, viz., about 3 wrecks after inocu¬ 
lation. Mild bacterial stem infection was demonstrated later by microscopic 
examination. 

This experiment w'as comprised of 8 sets of five 4-inch pots containing 
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3 Stringless Green Refugee seedlings eaeli, 6 sets with sterilized washed 
quartz sand, and 2 with sterilized composted soil. Before the unfolding of 
the first trifoliate leaf, 4 sets (60 plants) were inoculated on the primary 
leaves. The remaining 4 sets were held as checks. Two days later (March 
5) the feeding of the sand cultures with 3 nutrient solutions was begun. 
These were supplied at the rate of 100 ml. nutrient solution per pot 6 times 
a week and the 6 sets so fed, including inoculated plants and checks, were 
designated as ‘4ow,” ‘'medium,” and “high N,” respectively. 




Fig. 1. A. Stringlcss Green Kefugce bean seedlings inoeiiJatcd witli the eruslied 
tops of plants from the 57th serial passage of bean juice containing Xanthomoiias 
phaseoli and the common bean mosaic virus, viz.y + Experiment 1. J^eft to 

right: Sand cultures watered with nutrient solutions containing high N (2000 p. p. m.), 
medium N (200 p. p. m.), and low N (9.8 p, p. m.), and controls in composted soil. Note 
striking Xanthomonas phaseoU infection in medium N. Photographed two wt^eks after 
beginning experiment. (Compare noninoeulated checks, Figure 3, B.) B. Noiiinocuhit«*d 
checks, watered with nutrient solutions as in A. 

The most intefesting thing about these inoculations with (M i was 
the spectacular outbreak in the medium N set of Xanlhomonas phascoli 
which had been masked in the inoculum. There were very conspicuous 
tyi)ical lesions on the rubbed primary leaves ot* 100 per cent of the plants 
(Fig. 1, A ). In the high and low N sets, on the other hand, bacterial infection 
was confined to scarcely discernible water-soaked spots along the veins. In 
the composted soil set, bacterial infection was somewhat more distinct but 
by no means conspicuous. Isolates Irom the 3 nitrogen sets were tested for 
pathogenicity in experiment III. 
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Virus infection, manifested by curled trifoliate leaves and much dwarf- 
ing, was most striking in the medium N and composted soil sets where there 
was 100 per cent severe mosaic in 12 days. It was somewhat more severe in 
the composted soil set. There was also 100 per cent virus infection in the 
high and low N sets, but it was much less striking. 

Expressed juice from each set was tested for pathogenicity of the two 
infective agents therein (See experiment II). 

The effect of the different nutrient solutions on plant development was 
clearly visible in the non inoculated checks in 5 days after the feeding began. 
The medium N set was normal in color and size, closely resembling the plants 
in composted soil. The high N set was dark green and dwarfed, and the 
low N set Avas a decidedly yellow green, spindling, and, on this date, the 
tallest of the three sets of sand cultures. The medium N set outgrew it later 
(Pig. 1, B). The chock plants remained free from infection. None of the 
inoculated plants ever blossomed. 

EXPERIMENT II 

Tf'sii; of Virnlnice of the Expressed Juice from Plants Inoculated 
with (M t P) "’' and Receiving Yarying Ammints 
of Nitrogen 

To test the infectivity of the juice of the inoculated plants in the 3 sand 
culture sets in experiment I after 3 weeks of feeding with varying amounts 
of nitrogen, rub-inoculations were made on the primary leaves of 10-day-old 
Stringless (Ireen Kefugeo see<llings and, for comparison, on the mosaic-resis¬ 
tant S. No. 5 Uefugee. A set of each variety was also inoculated with 
juice from the inoculated plants grown in sterilized composted soil. There 
Avere 20 plants in each unit, groAving in 6-inch pots of composted soil. 

The results indicated that there had been an inhibiting effect of the high 
and loAv nitrogen on the bacterium, since, Avith a single exception,- no Ausible 
bacterial infection occurred on either bean A^ariety inoculated with juice 
from plants in the high or Ioav N sets. 

On the contraiy 100 per (*eiit of the primary leaves of both bean varieties 
became infected with XanthooioHus phaseoU after they were rubbed Avith the 
infected juice of plants from the medium X and composted soil sets. There 
Avas also much severe secondary infection on the stems of the mosaic-resistant 
U. S. No. 5 Refugee. Fifteen out of 20 plants Avere girdled and broken over 
in two months. 

The virus, on the other hand, Avas not permanently affected by any of 
the nitrogen concentrations. In 14 days 100 per cent of the Stringless Green 
Refugee in all sets Avere mosaiced. This Avas likeAvise the case A\ith plants 
inoculated Avith juice from the composted soil set. No mosaic appeared on 
the U. S. No. 5 Refugee. 

Neither bacterial nor Aims infection appeared on the noninoculated 
checks of either variety. 

2 One plant of U. S. No. 5 Refugee rubbed Avith inoculum from the high N set 
became infected. 
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EXPERIMENT HI 

Tests of Virulence of Xanthomonas phaseoU Isolates from Plants 
Inoculated with (M i P)''*" and Receiving Varying 
Amounts of Nitrogen 

Isolates of Xanthomonas phaseoli, ‘‘typical” in appearance in poured 
plates and on steamed potato cylinders,^ were obtained from the high, 
medium, and low nitrogen sets in experiment I about 3 weeks after inocu¬ 
lation. Dissociating colonies with many white sectors were also present in 
poured plates from the low N set. . 

Comparative inoculations were made on CO rapidly growing 12-day-old 
Stringless Green Refugee seedlings in sterilized composted soil using steamed 
potato cultures from single “typical” colonies as inoculum. 

The isolate from the medium N set was by far the most virulent and 
infection progressed so rapidly tliat 19 out of 21 plants inoculated were 
girdled and broken over in 4 weeks, and none of the plants fruited. This 
was much more severe than the bacterial infection produced by the expressed 
juice from the medium N set. 

Unlike the bacteria in the juice-inoculations described in experiment IL 
the pure cultures of Xanthomonas phaseoli from the high and low N sets 
were also very virulent. In all 3 sets there was 100 per cent excellent infec¬ 
tion with a high percentage of girdled, broken-over stems. The greater 
pathogenicity of these isolates as contrasted with that of the baeleria in ex¬ 
pressed juices from the same source is notable and probably due to a number 
of factors. 

The checks remained healthy and produced a fine crop. 

EXPERIMENT IV 

Inoculations with {M-\ P)^\ Xanthomonas phaseoli, and 
Mosaic Virus 

This experiment, begun June 25, differed from experiment I in (a) the 
use as inoculum of plants from a serial passage showing 100 per cent visible 
infection with both pathogens—bacterial as well as virus, (b) addition of 
a second and third set of inoculations with Xanthomonas phaseoli and the 
mosaic virus, respectively, (c) the use of a far larger number of plants. 

The inocula used were as follows: 

1. (M + ; Crushed tops of plants from the ()4th serial passage of bean 

juice containing the two associated infective agents; 100 per cent visible 
infection with both pathogens. The diseased plant material was collected 
18 days after the beau seedlings were inoculated. 

2. A sterile distilled water suspension of 3-day-old cultures on steamed 
potato cylinders of Xanthomonas phaseoli Z strain, long in stock, virulent, 
and with no history of association with the mosaic virus. 

3. Crushed typical mosaic-infected trifoliate leaves from plants inocu- 

3 Copious S yellow ±: syrupy growth, so filling the water at the base of the cylinder 
Ihiit the tubes could be turned upside down with impunity. 
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lated 18 days previously with the juice of infected trifoliate leaves selected 
from diseased plants in serial passages of mosaic virus-containing juice. 

In the sand-grown sets, each unit {Xanthomonas phaseoli, low nitrogen, 
e.g.) contained 100 plants. In the composted soil series, because of a short¬ 
age of seed, this number w'as reduced to 76 in the inoculated set and to 64 in 
the check set. A total of 1492 Stringless Green Refugee bean seedlings were 
involved. 

The groups treated with different inocula were kept some distance apart. 
The noninoculated checks on seed infection were isolated. 

Four plants were grown per 4-inch pot. The nutrient solutions and 
schedule of applications used were the same as in experiment I. 

{M -I P)*^* Inoculations 

Bacterial infection: In the series inoculated with (M-r-P)^^*, the most 
severe initial bacterial infection was in the composted soil; the medium N 
scries was a close second. Iiif<‘ction by Xanthonionas phaseoli was excellent 
in the high N set but devclo[)ed much more slowdy. There w^as ultimately 100 
per cent bacterial infection of the primary leaves in all four sets. In those 
plants suffering from nitrogen starvation (9.8 p. p. m. N), the initial lesions 
increased but little in size and soon dried up. However, the bacteria reached 
tlie stems of at least 65 ])cr cent of the plants, as determined by hand lens 
examination. 

y/rw.s' infection: There was sexcve. development of mosaic, with much 
dw^arfing and many curled trifoliate leaves, in both the medium N set and 
the composted soil, progressing a little more rapidly in the former but reach¬ 
ing 100 per cent in both in 14 days. There was also 100 per cent mosaic in 
the low N set but it had developed much moi’e slowly. In the high N set 
very few })lants showed signs of mosaic infection other than dw’arfing. 

The (M+P)'*"* grou]) in experiment IV showed, in 11 days, much more 
dwarfing (all sets) than did the plants inoculated with mosaic virus alone. 

The i)lants at times appeared to be overwatered by the 100-ml. nutrient 
solution aj)plied 6 times a week. This, as might be expected, was most 
marked in the high N set where the plants, in addition to being stunted by 
the inoculation, were dwarfed by the excess nitrogen. 

Xanthomonas phaseoli Z strain inoenJatwns 

By far the most severe bacterial infection was obtained in the medium N 
set. The difference between this and all other sets in the A", phaseoli group 
was conspicuous. There was 100 t>er cent heavy infection of the inoculated 
primary leaves and 68 per cent stem infection in the medium N set. 

In the low N set, good but scattered lesions wx're on the primary leaves, 
and 62 per cent visible secondary inicction on the stems. Yellow bacterial 
ooze was produced in 32 per cent of the infections by the 29th day. 

In the high N set, a high percentage of the rubbed primary leaves had 
a very slowly developing infection, although at the end of two weeks these 
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plants had the fewest bacterial lesions of any set in the X, phaseoli group. 
There was never any visible secondar}^ infection on the stems which were 
under observation for 38 days. 

In composted soil there was only scattered infection on the primary 
leaves but 42 per cent visible stem infection in 30 days. 

Mosaic virvs inoculations 

Virus infection in this group was very poor iis a whole. The best, a little 
mild mosaic with some curling of trifoliate leaves, appeared in the sand with 
medium N and the composted soil sets, ^^here was some dwarfing in the 
low N set, which may have been due to the virus, but no other mosaic symp¬ 
toms appeared. There was little if any virus infection in the high N set. 
These results were puzzling and might have been laid to the failure to use 
carborundum had it not been for the fact that in the serial passages of juice 
containing the virus alone, infection had never fallen below 80 per cent and 
in 7 of the 10 passages completed at this time^ had reached 100 per cent good 
but not severe mosaic infection without the use of carborundum. 

The most striking thing about this virus group was the outbreak of typi¬ 
cal Xanthomonas phaseoli infection in 73 per cent of the plants in the 
medium N set though no bacterial infection had been observed in the plants 
in the mosaic-virus serial passages from which the inoculum was obtained. 
A little bacterial infection also occurred in the high N set but none in the 
low N or soil sets. Apparently X, phaseoli was masked in the inoculum and, 
as in experiment I, it had been stiiiiulateil by the 200 p. j). m. N in the 
medium N set. 

Checks 

There 'was no sign of virus or bacterial infeclioii in any of the 300 non- 
inoculated cheek plants growing in sand or iji the 64 in composted soil. The 
optimum growth was in the medium X set. 

Overwait^rmg 

It was appai’eut that 100 ml. of nutrient solution 6 times a week consti¬ 
tuted overwatering for the dwarfed plants, particularly those in the high N 
sets of all groups including the noninoculated checks. On the other hand 
it was sometimes not quite enough for the groups in which the plants made 
a normal amount of growth, notably the Xanthomonas phaseoli, virus, and 
check groups in the medium N set. 

Beginning with the 21st day the high N sets in all groups were fed every 
other day and water was given here and there as needed. 

EXPERIMENT V 

Inoculations with {M^P,var.y^, Xanthomonas phaseoli 
and Mosaic Virus 

As previous experience had showm that the dwarfed sets were frequently 

4 Tbe 10th serial passage had been made the day following tho inoculations in this 
virus group. 
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overwatered, experiment IV was repeated the first of October, usirif? 6-inch 
pots"’ with 4 plants each and adding water here and there as needed. As a 
result none of the sets showed ill effects of overwatering. Sixty plants com¬ 
prised each of the sand units and 48 plants the composted soil units. The 
feeding began October 5, the day after inoculation. 

Aside from the fact that the virus inoculum used in this experiment was 
more virulent, the results previously obtained were confirmed using another 
set of inocula as follow's: 

1. (M-i P. var.)^‘’: Toi)s of plants from the 66th serial passage of juice 
containing the mosaic virus and the yellow variant of X, phaseoli described 
in an earlier paper (3). One hundred per cent of the plants of the 66th 
serial passage had excellent mosaic and scattering mild X. phaseoli infec¬ 
tion. The material was collected three weeks after inoculation. 

2. Xanthomonas phaseoli: A sterile distilled water suspension of cultures 
on steamed potato cylinders of the Wyoming 1940 strain, a very virulent 
isolate recently obtained from a bean pod and having no history of associ¬ 
ation w'ith the mosaic virus. 

3. Viras inoculum: From serial passages of juice containing mosaic virus. 
They had been start(*(l 8 months earlier by the use of seed-infected plants 
as iiKxuilum. The plants had been inoculated 4 weeks previously. 

Crop 

liiilike the ])revious experinumts. experiment V w’as continued long' 
enough to form an (‘stimate of tin* crop, that is. until the plants w’ore weeks 
old. In all sets the croj) was much reduced by infection, most in the (M -f P, 
var.)'*^’ group Avliich did not even blossom, next in the virus group, least by 
X. phaseoli. 

Only the cheeks were in condition to mature all the pods on the plants 
at the time the count was made. They })roduced about 1.4 times as many 
in composted soil as in the medium N set, and very few' in low and high N, 
least in the latter. 

DISCUSSION 

Although various investigators have rei)orted on the effect of nitrogen 
on the activity of plant pathogens, none, to the authoi*s’ knowledge, have 
worked on its effe(d on associated infective agents. The present investiga¬ 
tions were cai*ried on from that point of view'. 

In the studies here reported, the results may have been somewhat differ¬ 
ent had not root nodules formed notwitlistanding the sterilization of the 
washed quartz sand in which the seedlings fed with nutrient solutions W'ere 
grown. It is (piite conceivable that 200 p. p. m. N would not have been suflS- 
cient for 2 pathogens in addition to the host without the extra N supplied 
by the root nodules. Scattered small nodules and a few large ones were 
formed in plants in this medium N set. In the high N (2000 p. p. m.) set^ 
there were scattered small nodules and in the low' N (9.8 p. p. m.) set, scat¬ 
's Six-inch pots contain 3^ times as much soil as 4-inch pots. 



622 


Ph ytopa’thology 


[VoL. 36 


tered large ones. L. T. Leojiard states (oral (ionimunicalion) that under 
ordinary greenhouse conditions it is almost impossible to exclmle the jio<iule 
bacteria when growing many s]>eeies of legumes. 

A comparison of the bacterial infection produced by inoculations with 
(A) the expressed juice from plants of the 3 nitrogen sets of (M + P)®^ 
inoculations in experiment I (See experiment 11), and (B) steamed potato 
cultures of isolates from the same nitrogen sets (See experiment III) is illu¬ 
minating. The lesser pathogenicity of the bacterium in the expressed juice 
inocula is believed to be due (a) to its long in vivo existence in the much 
stunted plants of the serial passages in association with the virus, in which 
circumstances a tendency to dissociation intoHess virulent and avirulent 
variants has been demonstrated (4) and (b), in the case of the bacterium in 
the juice from the high and Ioav N sets, to the additional inhibiting influence 
of excess and deficient nitrogen. On the otlier hand the greater pathoge¬ 
nicity of the pure eultures of the isolates is in all probability due to the pre¬ 
liminary building up of their virulence on a favorable culture* medium 
(steamed potato cylinders) which favors the virulent S yellow form and 
tends to repress the mildly pathogenic and avirulent variants. 

Unfortunately none of the available virus inoculum was absolutely free 
from the suspicion of the presence of masked Xanlhomonas phaseoli. Just 
before making the last set of inoculations in the virus group (experiment V), 
bacterial infection broke out for the first time in the source of inoculum, 
viz.f the mosaic virus serial passages carried on for 8 monlljs. It was such 
an outbreak of X, phascoli in Zaumeyer’s tests of hybrids-for mosaic resis¬ 
tance that had led to the first association studies by the senior author (3). 

There was no mosaic-infected seed at hand from which a fresh start 
towards obtaining virus inoculum could be nuule. Hence the inoculum for 
the virus group cannot be considered assuredly j)urc virus i*onij)arable to 
pure cultures of Xanthomonos phascoli. As for the virus infection in the 
virus group, it is possible that better results would hav(* been obtained with 
the use of carborundum although 100 })cr c**nt good })ut not severe mosaic 
infection had occurred witlioul its use in 10 out of 14 serial passages of the 
virus completed up to this time. Furthermore, in none of the 14 passages 
had infection fallen bcloA\ 80 per cent. 

SUMMARY 

The effect of varying aiiiounts of nitrogen, 9.8 p. p. m., 200 p. p. m., and 
2000 p. p. m., was teste<l on Stringless Green Refugee bean seedlings grown 
in sand and inoculated with (a) juice from serial passages of bean juice 
containing Xanthomonas phascoli and the common bean mosaic virus, (b) 
pure, single colony cultures of X. phascoli, and (c) juice from serial passages 
of bean juice containing the common bean mosaic virus. Comparative inocu¬ 
lations were made on plants grown in sterilized composted soil and noniuocu- 
iated plants, grown in each substratum, were held as checks on seed infection. 

Of tne three concentrations of nitrogen tested, medium N (200 p. p. m.) 
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produced the most intense development of both virus and bacterium in every 
case. This was also optimum for jrrowth of the host. 

Pathogenicity tests of juice from all sets of plants inoculated with 
(M + P)®Mn experiment I showed that the virus had not been permanently 
inhibited by any of the three N-concentrations, inasmuch as the juice from 
all sets produced 100 per cent good mosaic when tested on plants grown in 
composted soil. On the other hand there had been marked inhibition of the 
bacterium by both low N (9.8 p. p. m.) and high N (2000 p. p. m.). 

When, however, isolates of the bacterium from the same three nitrogen 
sets were first grown on a favorable culture medium (steamed potato 
cylinders) and then used as inoculum, all were very virulent although the 
isolate from the medium N (200 p. p. m.) was notably more so. 

Plant Industry Station, 

BELTSVHiLE, MARYLAND. 
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TYPES OF DEFENSIVE REACTIONS IN PLANTS 

E tt N S T G A r M A N N 
(Accepted for publication April 2, 1946) 

By a defensive reaction ve understand a vital process initiated in a host 
by a pathogenic agent and directed more or less specifically against that 
agent itself. In a book recently issued, the writer (6) has endeavored to 
discuss ill detail the various types of defensive reactions in plants. It is 
the purpose of this article to represent certani points of view as set forth in 
that treatise. 

Th(^ defensive reaetions in plants may be broadly classified as follows: 
]. According to the object against which they are primarily directed; 2. 
According to the life liistoiy of the infected ])lant; According to the in¬ 
tensity of the reaction. 

The object of the defensive reactions. According to their object the 
defensive reaetions may in turn he grouped in three subdivisions, vh: 

a. The anti-inf'ectionaI reactions, which are directed against the parasite 
itself and endeavor to weaken or annihilate it; 

b. The antitoxic reaetions, which are not ])rimarily directed against 
the parasite, but against its metabolic products, especially its toxins, and, 
furthermore, against the neerotie jiroducts of the affected cells aud tissues, 
wliich they tend to render harmless; 

c. The induced tolerance, which (contrary to the previously given defini¬ 
tion) is directed neither against the parasite nor against its metabolic prod¬ 
ucts; it acts rather against the sensitiveness of the liost plant itself to these 
pathogeiii(*- agents. The host plant undergo(\s a destnisibilization by virtue of 
wliieh it no longer reacts to the pathogenic agent. Tlie plant tolerates the 
latter without manifest symptoms and, althoiigli infected, do(\s not become 
diseased. 

The life history of the infected plant. Tin* capacity for react ing de¬ 
fensively is either spontaneous (autonomous) or acquired (huiuced). The 
first is hereditary, endowed by nature; the s(*cond remains merely poteiitial, 
latent, until il is activated by a pritimry infection; by withstanding this the 
plant's readiness to resist is sensitized so that only then does it develop its 
full defensive capacity. 

y he intensity of the dcjensive reactions. Reactions are either noruiergic 
or hyperergic. In normergic reactions (which need ]iot jjecessarily be 
merely defensive) cause and effect bear a certain proportionate (‘‘normal”) 
relation to each other. When parasite and host bear such a normal rela¬ 
tionship, it is termed eusynibiontic; although each partner is in conflict 
vltli the other, they still continue together in a kind of parasitic community, 
^^liicli loads to disease. The hyperergic reactions represent the other ex- 
tf‘eme. The ratio between cause and effect becomes disproi)ortionate. A 
host-parasite relationship of this kind is termed parabioutic; the two part- 

r>24 
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ners do not tolerate each other; they react transversely to each other, with 
the result that within a few hours necrotic alterations in the infected cells, 
or in the adjoining noninfccted cells, manifest themselves and rapidly cause 
death. 

In accordance with these viewpoints it was attempted to classify in table 
1 the different types of defensive reactions so far as they have been exactly 
determined in plants. 

I, The plasmatic anti-infectianal reactions. These represent the norm- 
ergic type of anti-infectional defense, most easily traceable in cases of 
chronic infections, when parasite and host are in contact over protracted 
periods. Similar reactions doubtless occur in the course of acute disease, 
but, being more rapid and irregular, are more difficult to observe and to 
interpret. They operate along three lines. 

TABLE 1 .—The types of defensive nactions in plants. After Gdnmann (6) 


Objfict of the reaction 

Historical 

(htvelopment 

Intensity 


Type of reaction 



r Normcrgic 

I. 

Plasmatic anti-infee- 

Tlie pathogen (anti- J 

j' Autonomous 

1 

[ Hyperergic 

II. 

tional reactions 

Necrotic reactions 

iiifoctioiial reactions) ] 

1 

1 

1 Induced 

Normcrgic 

Til. 

Premunity 

The metabolic products of 
the pathogen (anti-toxic 
reactions) 

Autonomous 

1 Normcrgic 
Hyperergic 

IV. 

V. 

Histogenic demar¬ 
cations 

Gumiuous demar¬ 

'I'lic innate sensitiveness of 

1 

Induced 

1 

L 

Normcrgic 

VT. 

cations 

D eseiisi biliza t i o ri 


the host (iiidiK'cd toler¬ 
ance) 


a. They alter and weaken the invading parasite. For example. Bac¬ 
terium radicicola Beij. destroys the root cells of weakened Leguminosae. 
In viLal plants, however, tlu» bacterium is altered under the influence of the 
defensive reactions: the host cells remain alive and retain ability to <livide 
despite being flooded by the bacteria (17). To take a mycological example; 
W’hcn lateral hyphac of intercellular fungi enter the host cells, the hyphae 
generally stop growing ami become knotty and deformed. Since they dis¬ 
solve and absorb the contents of the host cells, their peculiar form is re¬ 
garded as fungoitl (•‘hausioria”). This assumption is not unreservedly 
right; when tlie same fungi are grown on dead tissues of the same hosts, 
they form no such ‘‘haustoria'’ in the host cells, although they extract their 
nourishment from the latter, lienee, the haustoria are not a growth-form 
determined by the fungus, but are reaction-produets between the defensive 
reactions of the host cells and the counter-reaction of the intruding hyphae. 

b. They localize the intruding pathogen. Only a few infectious dis¬ 
eases of plants are systemic; most of them are localized {e.g., leaf-diseaser.). 
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We may assume that the reason lies in the functional defense of the host 
cells, which causes an exhaustion of the invading agent and finishes by 
stopping and localizing the infection. When the same leaves are first 
killed by freezing, the same parasites {e.g., Cercospora heticolay Venturia 
inaequaliSy Diplocarpon rosae) are able to grow right through them without 
restraint. 

c. They digest and eliminate the intracellular parasites. Thus, haustoria 
are in time corroded and live for a relatively shorter period than the inter¬ 
cellular hyphae. The intracellular bacteria of the root-nodules (Fig. 1) 
and the intracellular hyphae of mycorrhizai? (Pig. 2) furnish further ex¬ 
amples of these digestive processes. 



Fig. 1. Digestion of Bacterium radicicola Beij. in the root^nodules of Lupinus 
albv8 1j, 1500 X. After Sebaede (14). 



Fig. 2. Digestion of mycorrhisa in the roots of Platanihcra chlorantha Oust. Left, 
a cell rich in content, showing incipient digestion. Right, a cell poor in content, showing 
an adx ancod stage of digestion. IGO y. After Burgeff (4). 


These three normergic principles (weakening, localizing, and eliminating 
the parasite) are based on biochemical reactions; they arc borne by agglu¬ 
tinins, lysins, etc., as is proved by appropriately selected examples. Com¬ 
pared with the aiiii-inlectional reactions of the human body their efficiency 
is low. Not only do they generally fail to prevent the infection, but they 
also are mostly unable to eliminate the invading parasite; hence, they do not 
lead to a:i autosterilization, to healing of the infected tissues; these remain, 
as a rule, affected for the rest of their life. Accordingly plants in general 
dc not recover from their infectious diseases. 

The cause of this inefficiency doubtless is to be attributed to the extreme 
simplicity of the mechanism of the plasmatic defensive reactions. In the 
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human and animal body, invading germs are combatted not only by the bio¬ 
chemical action of agglutinins, lysins, etc., but mainly by special resistance 
cells, viz,, by the mobile Icuco-phagocytes and by the stationary reticulo¬ 
endothelial system. Above all, the mobile defensive system enables the host 
to eliminate the pathogen within a short time, by assembling at the point of 
danger hundreds of thousands of fighting-cells, which eliminate, by fighting 
one cell against another, the invading germs. Such mobile fighting cells are 
unknown to the plant; hence it is unable to mobilize at the point of infection 
the full resistance-potential of entire tissues or organs. Each infected 
cell-group must resist by itself, independently and without help from other 
cells. Hence, it is not surprising that the normergic plasmatic defense 
system in plants meets with such a low* degree of success, merely localizing, 
but not healing, the infections. 

71. The necrotic reactions. These represent the hyperergic type of re¬ 
actions and are caused by a hypersensitiveness of the host cells to the emana¬ 
tions of the parasite. Their consequence for the parasite-host system are 
diametrically o})posed according to the biological type of the parasite, which 
may be either necrotrophic or biotrophic. 

Necrotrophic parasites (e.g., Bolrytis cinerea, Valsa, Corticium vagum) 
are able to feed on <lead substances of the host. If, therefore, the host cells 
die at their approach, the further development of the parasite is facilitated. 

Biotro])hic x^arasites (e.fif., Synchytrimn cndobioticum, mildews, rusts) 
on the contrary, can only nourish themselves from the living substance of 
the host. Ilencc if their intrusion is met by hyperergic reactions of the 
host cells and if the latter perish, the further development of the parasite 
is rendered impossible, a sort of scorched earth strategy in nature. Accord¬ 
ingly, necrotic reactions arc not actually defensive reactions, but rather the 
evidence of the highest susceptibility or hyx)ersensitiveness. But since the 
invading parasite is destroyed simultaneously with the death of the host 
cells, these hyperergic reactions have an anti-infeetional effect: hypersensi¬ 
tive individuals are resistant to biotroj)hic parasites because they are over- 
susceptible. 

The timing of the hyperergic response varies. The epidermal cells of 
red clover perish at the very first contact wdth the infectious hyphae of 
Erysiphe mar Hi (P^ig. 3, A and B), while in Kanred wheat the symidoms 
of the hyperergic effects ax>pear only after some days (F’ig. 3, C). 

III. Premunity. In the reactions so far dealt with, the full readiness 
and capacity for reaction were innate to the individual (autonomous re¬ 
actions). Among the numerous reactions which are initiated in the in¬ 
vaded individuals by the pathogen, and which mostly lead to a damaging 
of the former, there are nevertheless some wdiicli occasionally produce the 
opposite result. Instead of weakening the host, the attacking pathogen 
stimulates or sensitizes it, activating in it a resistance power which was 
previously only latent or insufficient (induced defensive reactions). 
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In the field of induced defensive reactions, however, the premises in 
phytopathology and in human and veterinary inedieiiie are rather different. 
In vaccination, it is the recovery from an artificially introduced infection, 
which leads to an alteration in the reaction-norm of the organism. The 
pathogen disappears from the body, which however retains an increased 
resistance power against a later re-infection. 

This form of acquired immunity can scarcely be expected in plant life, 
because plants cannot, as a rule, be entirely freed of infection. They are, 
however, capable of attaining a different type of immunity, a type known in 
human medicine (dermatology), but of no grea? significance there; this is 
infectionary immunity or premuuity, based on the fact that an organism 
or certain of its tissues, cannot be effectually superinfected b^" the same or 



Fig. 3. A and B. Inf<*ctioji of Trifolium irratense L. by Erysiphe viartii T/*v. A. 
A susceptible variety of clover, which (nily reacts normergically, and in which the parasite 
can form a haustoriuin, without causing any appan'nt distiirbanct*. H. A hypcM-sensitivo 
variety, in which the invaded epidermal cells undergo a sudden iic*crotic degeneration and 
perish together w'ith the intruding puiasite. y, infection hyphii; h, necrotic host-cell. 
385 X. After O. F. Smith (15 ). O. Hyperergic rtaction of Kanred wheat to an infec¬ 
tion of Puccinia gramin^s tntici Krikss., biotype 1. B, HuifStoinatal vesicle; P, fungus 
hyphae, partially abortive. Approx. :b^>0 After Allen (1). 

by a related pathogen, so long as the original infection exists. In aetjuired 
immunity, the curing of a primary infection provides protection against a 
re-infeetjon, whereas, iu proiiiunity, a still-existing i)rimary infeetion pro¬ 
vides ])rotection against a sn}>er-infection. 

Accordingly, premunity, like acquired immunity, is based upon an 
alteration in the host, effected by pre-infeetion, through which the host has 
gained a resistance poAV(*r wliich it did not originally possess. In contrast 
to acquired iinnmiiit^', the alteration in the host is maintaimnl in the case of 
premunity only as long as the pre-infection lasts. 

Premunity can, according to the field of its action, produce either a local 
immunity from infection or a local immunity from disease. 

A classical example of a local immunity from infection is furnished by 
Bernard’s experiments with orchid mycorrhiza (2). If young orchid cm- 
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bryos be infected by a less agfrressive strain of mycorrhiza, the hyphae pene¬ 
trate at the susi)ensor region to a depth of several cell la 3 ’^ers; their further 
progress is then checked. If, however, after some da^^s, the pre-infected 
embryos be subjected to a virulent fungus strain, one so virulent as would 
normally kill the einbrvo, this fungus is no longer able to enter the infected 
region. When, however, in lat(‘r stages, the embiyo produces bristles, the 
lethal infection can enter through these. The embr^^o’s readiness to resist 
infection has thus been onl.v loeallj' sensitized. This local premunitj’ is 
group-specific; if it is in it iated by a weak strain of lihizocionia repens Hern., 
it is also effective against aggressive strains of Khizoctonia mucoroides Bern, 
and of E. lanuginosa Bern. 

Premunizing experiments made by Salaman (11, 12) with the X-virus 
maj’ be mentioned as an example of an induced local immunity- against 
disease. A number of tobacco [)lants were prcinfected wdth the weakest 
<T-strain, the s3mij)toms of winch ^yere so mild as to cause only the suspicion 
of a mottling. The plants were then superinfected by the virulent S-strain 
in consecutive grouj)s, at 24-hour intervals. In the superinfections of the 
first 4 da^'s the S-strain i)(*netrated and the plants became diseased accord¬ 
ing to the S-t}'pe. Tin* group superinfected on the fifth day evinced a 
liartial resistance to the S-strain-disease, while the group treated on the 
eighth day no longer showed mry sj'inptoms of S-disease; the plants in this 
group reacted onl.v to the G-straiii: in them, the S-virus could not develop 
be.vond the j)oint of infection. 

Thus, i)reviously iiife(‘t(‘d individuals remain susceptible to superin¬ 
fection. After a period of latenc.v ^4 da.vs), however, the\’' become capable 
of arresting the general sj)reading of the superinfected virus; the.v localize 
it, and therefore becoim* i*(‘sistant to disease, just as in the case of human 
beings who have suffered from diphtheria. The induced protection is specific 
in such (;ases and is not effective against Y- and ring-spot viruses. In other 
cases, however, the premunity is group-specifie and, furthermore, its effect 
can reach a de])tli of 7 (‘ell la.vers beyond the pre-infeeted zone, thus leading 
to a l<x‘al tissue-iininuiiity (o, 7, 18). 

IV. Hisiogenir donarcafiftns. The defensive reactions so far dealt with 
are (‘xeliisiv(4y of anti-iiifectioiial type, being diretded against the parasite. 
As, howevei-, they generally succeed in raerelj’' weakening and localizing, 
but not eliniinaling it. a chronic disease-focus results. Coiiseciuentl.v, the 
Jiost organism has the new task of stacking to protect itself against the patho¬ 
genic metabolic products emanating from the focus; especially against the 
toxins of the j)arasite and tlie necrotic produces of its own invaded cells. 
This protection is effected by means of the antitoxic reactions; their aim is 
not to prevent infection, but to prevent disease. 

Ill the human syst(un such antitoxic protection is provided biochemically 
by means of specific antitoxins, wlii(fli neutralize the pathogenic agent (des¬ 
troying it functionally), and histologically by means of demarcating tissues. 
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In plant pathology antitoxins have not yet been found, but numerous de¬ 
marcation reactions are known; histogenic demarcations (Fig. 4) may be 
mentioned as a normergic example, and gumiiious demarcations as an hy¬ 
perergic example. 

To judge by such investigations as have been made on histogenic de¬ 
marcations, they possess chiefly antitoxic, not anli-infectional properties; 
therefore the parasite is sometimes able to jieiietrate them. The reaction 
chain is not initiated by the parasite itself, but by the necrosis caused by it. 
To this extent, demarcation reactions are nonspecific, being indifferent to 
the particular source of the necrosis, wdiich nrSiy be one of the following: 
necrogenic products of the lesions, toxins of the parasite, or any other or¬ 
ganic or inorganic poisons. Similarl}’^ the mechanism of demarcation is 



Fio. 4. Focus of Clasierosporium carpophilum (L^v.) Adcrh. on branch of almond, 
Prunus amygdalus Stok., confined by a demarcation tissue. 60 x. After Samuel (13). 

nonspecific; it corresponds to the widespread manifestation that local lesions 
produce a localizing tissue in plant bodies (deliiscence tissue, scar tissue, 
etc.). 

F. Gummous demarcations. An example of the antitoxic effect of a 
hyperergic gummosis may be found in the silver-leaf disease of plum trees. 
If a root or the trunk be locally infected by ^fcrciini purpurenm, toxins 
of this agent arc carried with the sap into the upper regions of the tree, 
where they cause cellular jiathological changes (silver-leaf effect). In 
severe cases the disease can lead to the death of the tree within a few years. 

In certain varieties of plum trees, the capacity of resistance to disease 
depends upon the readiness of the woody tissues to respond with hyperergic 
antitoxic reactions. The Victoria plum reacts weakly and therefore falls 
an easy victim to the disease (3). On the other hand the trunks of Per- 
shorc plum respond wdth an ample exudation of gum, which forms an im¬ 
passable barricade to the toxins, similar to the reaction zone in beeches 
(Fig. 5). The regular formation of this antitoxic zone in the beech possibly 
provides the reason why this species is not liable to silver-leaf diseas(\, not¬ 
withstanding its continual coniamination by Stereum purpurenm. 

Both plum varieties mentioned are liable to infection; but the Pershore 
variety is better able to resist disease because it is able to prevent the flooding 
and poisoning of its tissues by the pathogenic agents emanating from the 
focus. 
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YI. Induced tolerance. Even when a plant is unable to localize the 
pathogenic agent (the parasite or its toxins) and is consequently flooded by 
these, its condition is not necessarily hopeless. It can, in certain cases, 
resort to a new form of disease prevention, by simply ignoring the agent. 
Even though flooded by the pathogen the plant does not react to it, in 
short, it becomes tolerant (induced tolerance). 

Induced tolerance has one feature in common with the antitoxic reac¬ 
tions, in that it shuts out the result of the infection; but, not as the latter 
does, by neutralizing or localizing the harmful agent, but rather by adopt¬ 
ing the opposite extreme of behavior. It effects a desensibilization of its 
own system, which no longer answers to the pathogenic agent, and there- 



PiCr. 5. Antitoxic reaction of a beech trunk to artificial infection by Stcreum pur- 
imrciim. Approx, half nat. size. After Miinch (8). 

fore does iu»1 <levelop the disease. Human medieine possesses an indication 
of sneh induced tolerance in typhus carriers. 

For instanee. if thi* virus of the ring-spot disease be transferred to 
healthy tobacco plants by means of rubbing the leaves, typical symptoms 
ai)pear on these leaves within three tlays, and the virus spreads through all 
parts of the plant, with the exception of the growing point. However, the 
symptoms gradually bt'gin to fade out; tho.se in newly formed leaves and 
lateral branches become iiu'veasingly faint and eventually disappear en¬ 
tirely. The leaves on such ])lants are merely somewhat darker green and 
more leathery than on virus-free sjiecimens (9, 10). In the meantime the 
leaves original!j’ infected have dropped off; the plants have “recovered”; 
they are clinically eureil. but eontinue to be carriers of the virus, which is 
still present, unweakened and full^’ pathogenic to uninfected plants. Only 
the symptoms have disappeared. 

This clinical healing is apparently based on three components: 

1. Actual aiiti-infectional reactions (formation of anti-virus bodies). 
As a result of these, the virus protein content in recovered leaves is, in 
general, only 10-20 per cent of that in the originally diseased leaves. 
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2. A blocking of the remaining 10-20 per cent of the virus proteins. 
These are in no way blunted, but fully pathogenii* to other plants; only in 
the ‘‘healed’’ plants are they unable to destroy the ehloroplasts and to cause 
necrotic degeneration. 

3. A desensitizing of the host organism, /.e., a conversion to tolerance, by 
virtue of which the host is able to carry tlie remaining virus (which as¬ 
similates a considerable part of the host’s native protein) without mani¬ 
festing symptoms. 

When clinically healed carriers are strongl\’ superinfected with the ring- 
spot virus, they evince no further symptoms; £hey have thus become tolerant 
towards even a severe superinfection. This induced tolerance is group- 
specific against all types of ring-spot virus; the latter can develop undis¬ 
turbed in the “cured” plants, while retaining full pathogenicity for other 
lilants; only the “recovered” plants ignore, and do not react to them. 

If a healthy shoot be grafted on to the stem of a “recovered” tobacco 
plant, it takes up the virus, but not the acquired tolerance, so that it evinces 
incipient symptoms of ring-spot which, liowcA’cr, later fade out. 

In curly-top of sugar beet however, inoculated to tobacco, not onl.y the 
virus, but also the induced tolerance entity emigi*ates to th(» grafted slioots 
(10). The “recovered” partner thus induces in the healthy jjartner an¬ 
other reaction-norm against the virus; a similar induction is found in the 
organizer-effect hi animal transplantations 

These six main types of defensive reactions probabl\' do not exhaust the 
possibilities of active resistance in plants. The aim of this article is merely 
to describe them shortly with a consistent terminology. 
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TEN ADDITIONAL LEAFHOPPBR VECTORS OF THE VIRUS 
CAUSING PIERCE’S DISEASE OF GRAPES 
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INTRODUCTION 

Three species of leaflioppcrs, Draeculacephala minerva Ball, Cameo- 
cephala fulgida Nott., and Neokolla circUlata (Baker), were stated hy 
Hewitt, Frazier, Jacob, ami Freitag (4) in 1942 to have tlie ability to trans¬ 
mit the virus causing Pierce’s disease of grapes. Frazier (3) reported 
these three and, in addition, the following six species as vectors in 1944; 
Carneocephala triguttaia Nott., Ilelochara delta Oman, Neokolla gothica 
(Sign.), N, confluens (Uhler), N, heiroglyphica (Say) and Cuerna occi- 
dentalis Oman and Beamer. 

Hewitt, Houston, Frazier, and Freitag (5) later ])ublished experimental 
data substantiating the fact that Draeculacephala minerva, Carneocephala 
fulgula^ Neokolla circcllata and Ilelochara delta can transmit the virus, and 
showed that alfalfa dwarf disease and Pierce’s disease of grape are caused 
by the same virus. 

The present paper presents experimejital data supporting the fact that 
the remaining 5 previously reported species, namely, Carneocephala irigut- 
taia, Neokolla gothica, N. confluens, N, heiroglyphica, and Cuerna occi- 
dentalis are vectors of the virus, and contains evidence to show that an 
additional 5 species of Icafhoppers, not previously reported, are also able 
to transmit the virus. They are Pagaronia triunata Ball, P. IS-punctata 
Bali, P. furcata Oman, P. eonfusa Oman, and Friscanns friscanus (Ball).'* 


MKTIIODS 


All work herein reported was carried out at BerkeK\v under glasshouse 
conditions. Naturally and experimentaliy iufecled alfalfa and grape plants 
were used as sources of vims for the Icafhoppers. Healthy California 
Common variety alfalfa i)lants and grapevines of the varieties Emperor, 
Tliompson Seedless, Ribier, and Palomino })ropagated from indexed cuttings 
were used as test plants. The numbers of tests made of the different species 
of Icafhoppers were deteimiined in large measiu’e by their availability. The 
numbers of insects used per test were usually from 5 to 15, but the' great 
majority of tests was made with 10. It was not found possible to effectively 
rear sufficient populations of any of the species for experimental work, so it 
was necessary to collect all iiisects in the field. Because of limited distri- 
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butioi) and relative scarcity of some species often only small numbers could 
thus be obtained. With the g^miera PcLgaroui-d and FriscdviuSf grape and 
alfalfa proved to be rather unfavorable hosts inasmuch as a relatively high 
mortality resulted, and this again limited the number of tests. 

transmission op virus 

The results of transmission trials carried out with ]0 species of leaf- 
hoppers are in table 1. Under the conditions of these experiments a con¬ 
siderable range was eviden(*.ed among the various species in their relative 
ability to transmit the virus from diseased to healthy alfalfa and grape 
plants. The most efficient group of vectors included the species of the 
genera Carneorephala, Neokolla, and Cuerna which infected from 42 to 78 
per cent of the total number of plants inoculated. Grape or alfalfa were 
relatively favorable host plants for the species belonging to these 3 genera, 

TABLE 1. —Transmission hy 10 spreies of leaf hoppers of virus from diseased to 
healthy grape and alfalfa plants 


From diseased grape Prom diseased alfalfa percentage 


of leaf hoppers 

To 

grape 

To 

alfalfa 

To 

grape 

To 

alfalfa 

of total 
infected 

Carnoocephdla iriguiiaia 

3/4“ 

0/1 

3/7 

4/12 

42 

Ncoholla gothica 

13/1(5 

3/5 

8/15 

4/21 

49 

N. ronfluens 

in 

l/» 

4/6 

2/2 

78 

A. h( iroglyphica 

2/2 

0/0 

2/4 

1/4 

50 

Cuerna accidentalis 

ii/10 

2/3 

3/3 

2/4 

76 

Vagaronia iriunnto 

0/7 

0/3 

0/3 

3/10 

*13 

V. IrS punciata 

C/0 

0/0 

0/0 

1/3 

33 

P. f urcata 

i(/35 

2/13 

0 / 2o 

5/39 

19 

P, eonfusa 

2/23 

3/36 

3/14 

4/16 

14 

Friscanus friseanus 

0/0 

0/0 

3/3 

3/25 

21 


» The luimerator indicates the number of plants infected; the denominator indicates 
the number of plants inoculated. 

as judged by the longevity of the insects when caged on them. The species 
of the gcniera Vagarouia and Friscatius, however, survived relatively poorly 
on grape or alfalfa, and with these species the percentage of transmission 
of virus, as shown in table 1, was usually low, ranging from 13 to 33. In 
the cases of P. triunata which yielded but 3 infections of 23 tests and P. 13- 
punctata which was tested only 3 times and caused only 1 infection it is 
evident that, if considered separately, the number of cases of infection is 
too low ordinarily to be acceptable as proof of a species^ ability to trans¬ 
mit a virus. These 2 species are listed in tins instance, however, because 2 
other sj>eeies in the same genus yielded a comparably low but consistent num¬ 
ber of infections over a much larger scries of tests and it seems safe to 
assume that the same would hold true should P, triunata and P. lo-pnnctata 
be subjected to further testing. 

None of the 10 species listed in table 1 appears to be of any importance 
under field conditions in the spread of the virus to either alfalfa or grape¬ 
vines since they are only rarely found in vineyards or alfalfa fields. 
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PHYLOGENETIC RELATIONSHIP OF PIERCE’s DISEASE VECTORS 

fourteen species of ]cafhoj)pers in 7 fj^eiiera, listed earlier in this paper, 
have been shown to be capable of transmitting: the virus of Pierce’s <lisease. 
They are all contained in the leafhopper (lloiiioptera--(’icadellidae) sub¬ 
family Tettij,^onielIinae (2) (= Cicadellinae (6)= Amblycephalinae (1)), 
members of wliich arc commonly known as sharpshooters. 

Earl}" ill the search for a vector of the virus a valuable clue was }>ro- 
vided ill a vineyard in which insect-electrocuting ligrht traps were being 
operated as described in a previous publiention (5). Under certain of the 
traps very definite accumulations of diseailed vines had occurred (5, fig. 1) 
and under these same trajis marked concentrations of i)oj)nlations of J)rac- 
cnlacephahi miiicrva and Carneocephala fulgida were noted. Other factors 
also served to strengthen the suspicion that either or both insects might be 
the virus carrier. Subsequent tests proved both to be vectors. 

Neokolla eircdlata became strongly suspected of being a vector because 
of its abundance on wild and cultivated grapevines in localities where 
Pierce’s disease was ])revalcnt and neither of the known ve('tors, Drat- 
CKlaccphala minerva or Carneocephala fulgida, was present in sufficient 
numbers to satisfactorily account for 1h(‘ amount of disease. 

When Neokolla eireelVafa was dmnonstrated to be a vector of Pierce’s 
disease virus it became the third species belonging to the subfamily Tetti- 
gonicllinae known to have the ability to transmit the virus, and the other 
s]>ecies of the subfamily were then snspec'ted as possible vectors. Con¬ 
sequently an effort was made to lest as many species as conveniently possible 
in order to explore the possibility that the ability to transmit the virus 
might be common to all species of ihe subfamily. That the ability to trans¬ 
mit the virus can definitely be correlated with a }»hylogenetic relationship 
of the vectors within subfamily limits is evidenced by the fact that every 
species of the subfamily TettigonieHinae thus far tested has the ability to 
transmit the virus. During the course of the exjierimcmts more than oO 
species of leafhoppers contained in subfamilies oth(*r than Tettigonielliiiae 
were tested and not one prov ed to be a vector. 

It is not imjdied that the ability to transmit the virus of Pierce’s disease 
is necessarily specific or limited only to siiceics witliin the Tettigoniellinae. 
]t is quite possible that sp(*cies in other subfamilies or families may have that 
ability. Nor is it implied that every species of the* T(*ttigoniellinae must 
necessarily be a v(‘c.tor, although the evidence strongly suggests thut the 
ability to transmit the virus is a. group charactcristii^ and each sj)e('ies should 
be sus})ected of the abiliU until proven otherwise. 

SUMMARY 

Ten additional species of leafhoiipers are demonstrated to be ve(*tors of 
the virus of Pierce’s disease of grapes. These are Carneocephala triguttata, 
Neokolla gothica, N. confluens, N. heirogJyphica, Cuerna occidentalis, 
Pagaro7iia iriunata, P. 13-punctata, P. furrata, P. confusa, and Friscanus 
friseanus. 
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Noji<‘ of the 10 species appears to be of any importance under held con¬ 
ditions in the spread of the virus to alfalfa or grapevines. 

All 14 vectors of Fierce Vdisease virus thus far demonstrated are con¬ 
tained in the leafhoi)per subfamily Tettigoniellinae of Avhich every s])ecies 
thus far tested has transmitted the virus. More than oO species of leaf- 
hoppers contained in other subfamilies vere tested and not one i)rovod to 
be a vector. The evidence indicates that the ability to transmit the virus 
can be correlated with a iDhylogeiietic relationship of the vectors within the 
Tettigoniellinae. 

Division of Entomology, 

(UliTFORNIA AoUICULTUHATi EXPERIMENT STATION, 

Berkeley, (^ai^ifornia. 
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EFFECT OF SOIL TEMPERATURE ON THE DEVELOPMENT OP 
RHIZOCTONIA ROOT CANKER OP ALFALFA^ 

Oliver F. Smiths 
(Accepted for publication April 30, 1946) 

It is well known that soil temperature influences the development of 
certain plant diseases caused by Bhizoctonia solani Kiihn. In some cases 
(1, 2, 3, and 8) the disease develops best at hij^^h soil temperatures; whereas, 
in other cases (4, 5, 6) it develops best atdow soil temperatures. In a pre¬ 
vious publication (7) it was noted that Rhizoctonia root canker of alfalfa 
is seasonal in its development and is closely correlated with warm soil tem¬ 
peratures. Cankers develop most abiiiulaiitly during June, July, August, 
and September when soil temperatures, at 3 inches below the surface, are 
above 20° C., but no cankers develop during the winter months when soil 
temperatures, at this same depth, may be as low as 5° to 10° C. This sea¬ 
sonal development of the disease suggests that soil temperature is an impor¬ 
tant factor influencing its development. 

This paper reports results from experiments to determine the influence 
of temperature on the growth of Rhizoctonia solani and the effect of soil 
temperature on the development of Rhizoctonia root canker of alfalfa. 

EFFECT OF TEMPERATURE ON (IROWTII OF THE ORGANISM 

The effect of temperature on growth of the organism was determined 
by growing the organism, in triplicate, in Petri dishes on potato-dextrose 

TABLE 1.— Number of canl'crs r main, tap root of alfalfa plants inoculated with 
isolate 102 of lihisoctonia solani from alfalfa and grown at different soil iemperaturts 
for 50 days 


No. of cankers per root after 50 days at soil temperatures of : 

15^ C. 20° C. 27} V. 30° C. 35° C. 40° C. 

0 13.3 23.3 29.4 6.1 0 


No. of 
roots 

25 


agar at constant temperatures of 5°, 10°, 15°, 20°, 25°, 30°, 35°, and 40° 
C."* A small amount of mycelium was placed at the center of each dish and 
the diameters of the colonies determined at the end of 3 days (Fig. 1). 
The organism grew most rapidly at 25° and 30° G. No growth occurred 
at 5°, 10°, and 40° C. during the 3-day period. In another experiment, a 
small amount of growth occurred at 10° C. after 11 days. 

1 Cooperative investigations of the Division of Forage Crops and Diseases, Bureau of 
Plant Indusiry, Soils, and Agricultural Engineering, Agricultural Research Administra¬ 
tion, U. S. Department of Agriculture, and the Nevada Agricultural Ex])eTimciit Station. 

2 Associate Pathologist, Division of Forage Crops and Diseases, IT. S. Department of 
Agriculture. 

3 Relation of temperature to growth on potato-dextrose agar was determined by 
H. W. Johnson, Senior Pathologist, Division of Forage Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administra¬ 
tion, U. S. Department of Agriculture. 

(KW 
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EFFECT OF SOIL TEMPERATURE ON DISEASE DEVELOPMENT 

For determining; the effect of soil temperature on disease development, 
4-mouths-old alfalfa plants growing in galvanized iron cans (25 plants 
per can) w^re inoculated with culture 102 of Rhizoctonia solani and main¬ 
tained at soil temperatures of 15°, 20°, 25°, 30°, 35°, and 40° C. for 50 
days. Soil temperatures were maintained by thermostatically controlled 
water baths. Inoculat ion tec'hnique was the same as described elsewhere (7). 
At the end of 50 days the roots were removed from the soil and the number 
of cankers on the main tap root was determined (Table 1). There were no 
root cankers at soil temperatures of 15° and 40° C. and an average of 29.4 



K5 15 20 25 30 35 40 

TEMPERATURE DEGREES CENTIGRADE 

Fig. I. Effect of temperature on |i;roAvtli of Rhizoctonia solani on potato-dextrose 
agar and of soil temperature on the development of Rhizoctonia root cankers on alfalfa. 

cankers on each tap root at a soil temperature of 30° C. Figure 2 shows 
the degree of root canker development at the different soil temperatures. 
From the figure it appears there are small cankers on the roots grown at a 
soil temperature of 40° C. but control plautwS grown at this same soil tem¬ 
perature, and not inoculated, had small cankers similar to those on the 
inoculated plants and they are considered to be a result of the soil tern- 
perature being too warm for healthj^^ alfalfa plant growth. That a soil 
temperature of 40° C. was too warm for the plants was also evidenced by 
short and unhealthy-appearing top growth of the alfalfa. 
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As previously stated, root cankers, as observed in the field, develop 
during the warm part of the season. At Bard, California, in fields cropped 



FiO. 2. Effect of soil teuiy)eratiire on the development of Khizoeioniji root canker 
of alfalfa. Roots were inoculated with J{hi:^octonui soUini and grown at the soil temp(*ra- 
tnres indicated for 50 days. 


with alfdfa, the soil, at 3 inches below the surface, does not warm to 20° C. 
before about the middle of April and cools below 20° 0. about the middle 
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ot October (Fi^. 8)/ Diiriii^ this period soil temperatures are above 20"^ C. 
and are favorable to disease development, as determined by controlled ex- 
p(?riments (Fig. 1). Soil temperature is the main factoi* which influences 
the development of alfalfa Rhizoctonia root canker. 



Fig. 3. Mean weekly soil teni]>erature 3 inches below the surface at Bard, Cali¬ 
fornia, from May 7, 1944, to ISfay ,1, 194.5. 

SUMMARY 

Optiimmi tem])erature for growth of Rhizoctonia solanl on potato- 
dextrose agar was about C. Optimum soil temperature for develop¬ 

ment of Rhizoctonia root canker of alfalfa was about 25-30° C. Very few 
cankers <leveloped at a soil temperature below 20° or above 35° C. in 
50 days. 

In the field, very few root cankers ihwelop before the soil warms to 
20^ C. or liigher in the si)ring, and cankers cease to develop in the fall after 
the soil cools to approximately 20° C. or lower. 

Nevada Aouk^ultural ExmcRiMENT Station 
AND 

Division of Foraoe Croi*s and Diseases, 

TT. S. Department of Agriculture. 

Records of soil tompcraturcs at Bard, California, Avcrc supplied by E. G. Noble, 
Ajrrononiist, Division of Irrigation Agriculture, Bureau of Plant Industry, Soils, and 
Agricultural Engineoriug, Agricultural Research Administration, U. S. Department of 
Agriculture. 
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A COMPAllJSON OP TUB EXPERIMENTAL HOST RANGES OP 
TOBACCO-ETCH AND TOBACCO-MOSAIC VIRUSES 

Francis O. Holmes 
(Accepted for publication April 29, 1946) 

Tests of the experimental host ranges of tobaceo-etch virus {Marmor 
erodens II.) and tobacco-rnosaie virus {M, tahaci H.) have been conducted 
over several years. The present paper summarizes briefly what has been 
learned from them and records the behavior of all species of plants that were 
inoculated during the experiments. 

REVIEW OP LITERATURE 

Tobac(*o-etch and tobacco-mosaic viruses have been reported as infecting 
only a few plant species in nature. Nicotiana idbacum L., Lycopersicon 
esculentum Mill., Capsicum frttiescens L., Physalis heterophylla Nees, and 
J*etunia hybrida Vilrn. (12) have been found infected with each of the two 
viruses. In addition, tobacco-etch virus (under the name of virus of 
mosaic C’’) has been recovered from naturally infected plants of Datura 
stramonium L., its first recognized host (4), and Physalis suhglahrata 
Mackenzie and Bush (11); tobacco-mosaic virus has been recovered from 
naturally infected plants of Solanum carolinense L. (12). All of these 
si>ecies arc of the family Solanaceae. A specialized strain of tobacco-mosaic 
virus HRs been reported as infecting Plantago lanceolata L. and P, major L. 
in an additional family, the Plantaginaceae (9). 

Experimi'iital siudi(‘s have demonstrated a much wider potential range 
of hosts for both viruses. It has long been known that the typical strain of 
tobai'co-mosaic virus is able to infect a large proportion of all inoculated 
sjx'cies of solanaceous plants; indeed among many such species tested ex- 
})erimentally in the past only one, Physalis viscosa L., has been shown to 
be naturally immune (6). In this paper, evidence is presented that at least 
one other solanaceous sj)oeies, Cyphomandra betacea Sendt. (See table 1), 
is immune from infection by rubbing inoculation, but it is evident that a 
great majority of solanaceous plants are susceptible to infection under 
appropriate eireunistances. hVrnow (4) was the first to show experimen¬ 
tally that tobacco-mosaic virus might cause disease in a representative of 
another family; he described its effects in Martynia louisiana Mill., of the 
Martyiiiaeeae. Price (14) found some varieties of the common bean, 
Phaseolus i^ulgaris Ij., to be susceptible on inoculation and to be suitable 
substitutes for Nicotiana glufinosa L. of the Solanaceae in estimating con¬ 
centrations of this virus. Tliis added another, the Leguminosae, to the two 
families already known to include susceptible species. Grant (5) showed 
that potential hosts of this virus are in reality widely scattered among 
herbaceous dicotyledons, reporting 29 susceptible species in 14 families other 
than the Solanaceae. In a subsequent study by the writer, the ability of 

m 
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plant species in many families to support Mie multiplication of tobacco- 
mosaic virus in their tissues, after its introduction by mechanical inocula¬ 
tion, was confirmed and tins susceptibility was found to be correlated with 
taxonomic affiliations of the experimental hosts (7). One additional ex¬ 
tension of the experimental host ranj?e of tobac'co-mosaic virus lias been pro¬ 
vided by Severin (15), who found recently that guayiile {Parthcnium 
argentatum A. Gray of the family Gompositae) developed small necrotic 
areas at the site of inoculation ainl supported a multiplication of virus 
locally. 

Not only does the experimental liost range of tobacco-mosaic virus far 
outrun the bounds of the Solanaceae, but'that of toba(ico-etch virus also 
transcends those limits. In the <*ourse of a previously reported investij^a- 
tion (10), aimed at securing a host that w’ould show conspicuous primary 
lesions after inoculation with etch virus, many additional species were found 
susceptible. These species were not, how(‘ver, specifically listed in the 
publication cited. In a brief abstract (11) it was rc])ort<?(l that ail species 
found capable of supportin^j: the im^n^ase of tobacco-etch virus seinutul also 
capable of supporting increase of tobat'co-niosaii^ virus if inoculated but that 
the converse was not true. (Vmiplete data are given in the ]>resent paper. 

MATKRIALS AXI) METHODS 

The strain of tobacco-mosaic virus used for the tests recorded in this 
paper was the green-mottling, distorting strain (var. vulgarc If.) that seems 
to be rather typical of tobacco-adapted isolates; the strain of tobacco-(deh 
virus w’as that known as tin* severc-etch strain (var. scvcrum II.), an isolate 
of remarkable constancy originally obtained from E. ]M. Johnson, who first 
described it (12). This severe-etch strain represents a naturally- 0 (fcurring 
variant of the virus originally reported as the cause of a dis(‘as(‘ called 
^‘etched*’ by Valleau and Johnson (17) and later referred to as etch (12). 
Use of strains other than these two would have produced aiiditional symp¬ 
toms and otherwise modified the data here ])resented but could not be in¬ 
cluded without greatly altering the scope of the investigation. 

Inoculum w^as prepared dilferently for the two viruses because of <lif- 
ferenc(is in infectivity and stability. A once-frozen and thawed sample of 
a 1: oO aqueous dilution of juice expressed from diseased toba(M*o plants was 
used as the tobacco-mosaic inoculum, to avoid retention of measurable 
amounts of virus on the surface of inoculated but not infected leaves. 
Freshly expressed whole juice from tobacco plants, usually obtained lO days 
after infection, was used for severe-etch iiuKailum, except in a few cases in 
which similar undiluted juice expressed from infected plants of the species 
Nicotiana glutinosa was substituted for it. 

All inoculations were made by rubbing the upper surfaces of leaves 
with pads cf cheesecloth moistened with the above described inocula. Addi¬ 
tional opportunity for entrance of virus was provided by 100 small pin 
punctures made through the moistened inoculated leaves to mark the areas 
of inoculation in each plant. 
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EXt'EKIMENTAL BESTTLTS 

Rvidenco that the two viruses used in the i)resciit investigation are not 
closely related was obtained by observing their failure to protect against 
each other in suitable hosts. In figure 1, A is represented a leaf of Physalis 
peruviana Mill., inottleil as a result of systemic infection by tobacco-mosaic 
virus yet bearing necrotic jnimary lesions caused bj’ subsequent inoculation 
of the affected leaf with severe-eteb virus; the uee.rotic lesions occurred both 



Fi(3. 1. A. Leaf of Physalis prnii'iana, mottled as a result of systemic infection by 
tobacco mosaic virus yet bearing numerous necrotic primary lesions as a result of subse¬ 
quent inoculation with severe-etcli virus. Most of the necrotic lesions occurred in chlo¬ 
rotic art'as of the leaf, because jjreen areas of the niottUng ])attern were relatively small. 
B. Leaf of Xiaoiiana gluUnosay similarly mottled as a result of systemic infection by 
severe-etch virus yet beariii#» necrotic primary lesions as a result of subsequent inoculation 
with tobacco mosaic virus. (Photograph by ,T. A. Carlile.) 

ill such grecMi areas as ivere present and in the more extensive chlorotic areas 
of the mottled leaf. In figure 1, B is represented a leaf of Nicotiana glu~ 
iinesa, mottled and distorted as a result of systemic infection by severe-etch 
virus, yet bearing necrotic primary lesions formed as a result of subsequent 
inoculation with tobacco-mosaic virus; here also the necrotic lesions 
occurred both in the green blister-like areas and in the more extensive chlo¬ 
rotic areas of the mottled leaf. This failure of protection against formation 
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TABLE 1.— Kesults of inoculations made to com%mrc experimental host ranges of 
tobacco-etch and tobacco-mosaic viruses 


Family and species 


Besults of inoculation** *> 


With tobacco-etch virus With tobacco-mosaic virus 


AIZ0A(’EAE 

Mesembryanthemum cry- 
stallinum L. 

0 

1 

M, lineare Thunb. 

0 

4 (L,V-0; 8,V-CM) 

Moling 0 verticillata L. 

1 

1 

Tetragonia expanse Murr. 

3 (L, V-eSpj S, Va-0) 

3 (L, V-eSp-Ny; S, Va-0) 

Amaranthaceae 



Amaranthus tricolor L. 

0 

1 

Celosia argentea L. . 

3 (L, V-eSp; S, Va-0) 

4 (L,V-CSp;S,V-CSp-CM) 

Gomphrena haageana 
Klotzsch . 

0 

0 

Balsaminaceae 

Impatiens balsamina L. .. 

0 

0 

J. holstii Engler and Warb. 

0 

3 (L, V-CSp-NRiCo; 8, 

Campanulaceae 

Campanula carpatiea Jacq. 

0 

Va-0) 

0 

C.drabifolia Sibth.and Sm. 

2 

2 

C. lactijlora Bieb. 

0 

0 

C, medium li . 

0 

0 

G. pyramidalis L. 

0 

0 

C,roinndifolia Jj, . 

0 

0 


« Numbers have tlio following siguifi<?aiu‘o: 

0, no increase of virus and no manifestation of disease (testt‘d spech^s insusceptible). 

1, increase of virus locally but neither systemic spread of virus, nor production of an 

obvious disease (tested species susceptible to locali/.ed masU(‘d disease). 

2, virus detected in loaves other than those originally inoculated but no production of 

obvious disease (tested species susceptible to systemic masked disease). 

3, local dis(iase manifestations but no spread of viriih (tested sjiecies susceptible to local 

ized but obvious disease). 

4, systemic spread of virus and obvious manifestations of disease (tested species suscepti¬ 

ble to systemic and obvious disease). 


»> Abbreviations u.sed within explanatory parentheses in the table have the following 
significance: 


Aby abscission 
Bl, black 
Br, brown 

C, chlorosis or chlorotic 

Oh, chlorophyll-retention patterns 

Co, concentric patterns 

Col, collapse 

1), death of plant 

Dif, diffuse 

I)is, distortion or distorted 
E, etched patterns 
En, cnations 
Ex, extreme 

Fed, flower cw)lor deepened 
G, green or greenish 

K, klcndusic (often escaping infection) 

L, locally 

Le, leaf or leaves 

M, mottling 
Ma, masking 
liv, midvein 


X, neiTOsis or necrotic 

X. s, necrosis with surrounding yellowing 
(), no maiiif(‘Station of disease observed 
Be, pale center 

IV, petiole or jietioles 
l^u, puckered 

K, red 

Bi, ring like spots 

8, systeinically 

8e, segments of rings 

8p, spots 

St, stem or stems 

Sir, streak 

Stu, stunting 

V, virus recoverable 
Va, virus absent 
Vc, veinclearing 
W, white 

Wi, wilting 

Y, yellowing or yellow 
Yo, young 
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Family and species 


TABLE 1.— (Continued) 


Results of inoenlationa^ b 


With tobaccO’Ctch virus With tobacco-mosaic virus 


Capparidaceae 

Cleome spinosa L.. 

Polanisia iracliyspernui 
Torr. and Gray . 
Caricaceae 
Carica papaya L. 
Cartophylla ceae 
IHanthus harhaiiis L. 

T). chinnisis L. 

Gypsophila eUgans Bieb. 
Lychnis cocJi-rosa (L.) 

Desr.. 

Silene anglica L. 

jS. pcndula L. 

SieUmUi media (L.) Cyrill. 
CHEN01‘0DIA(’EAE 
Jirfa vulgaris L. .. 
Chcnopndium album L. . 

C» ambrnsioidrs L, . 

C. glavcitm L. 

(\ rubrum L. . 

Kochia scoparia Schrad. 
Spinacia olcracea L, 

OOMPOSITAE 

AgeraUnn conyzoidcs \j. 
Ambrosia trifida L. 
Arctium lappa L. 

Bi Uis pcrcnnis L. 

Bidens frondosa Tj. 

Brarhyenmc ihcridifolia 
Benth. 

Calendula officinalis L. . 
Callistcphus chinensis Xeos 
Ccnlaurva amcricana Nutt. 
C.montana L. ... 

C, moschata L. 

Char ids hcUrnphylla Cass. 
Chrysanihcmum h ucanthi - 
m um L. 

Cichnrium cjidivia L. 
Coreopsisgrandiflora Nutt. 
Bahlia pinnafa Cav. 
JJimorphothecn auraniiaca 
1)C. 

Bmilia flamiufa Casa. 
Brigeron annuus (L.) Pers. 
E, speciosus I)(\ 

Kupatoriu wj lassi‘au.rii 
Carr. . 

Gaillardia aristata Pursh 
Galinsoga parviflora Cav. 
Gamolepis iagetes D(\ 
Tlelianihus annuus L. 

H, iuherosus L. . 

Uclichrifsum bractcatum 
Andr. 


0 

0 


0 

0 

0 

1 

0 

4 (L, V~NRi; S, V-NRi-E) 
0 
0 


0 

0 

0 

0 

0 

0 

u 

0 

0 

0 

0 

0 

4 (L, Ta~0; S, V~CM) 
i) 

(L, A-BrNRi; 8, A^a-O) 
0 
0 
U 

I (L, A-O; 8, A"-CSp) 

0 

0 

0 

0 

A (L. A-BrNSp; S, V- 
BrNSp-CM-NStStr) 
0 
0 
0 

1 

0 

0 

2 

:j (L, V-NRi;*"s. A'a-0) 

0 

0 


1 

2 

3 (L,V-CSp; S,Va-0) 

0 

0 

1 

1 

1 

1 

1 

3 (L,V~CSpRRi; S, Va-0) 
3 (L, V-eSp-RNSp; S, 
Va-O) 

3 (L,V-CS|>-NSp;8,Va~0) 
3 (L,V-CSp; S, Va-0) 

3 (L, V-eSp-LeAb; S, 
Va-0) 

1 

1 

0 

1 

1 

3 (L,V-CSp; S,Va-0) 

1 

2 

3 (L,A'-CSp; S, Va-0) 

1 

1 

1 

0 

1 

0 

3 (L,V-CCoRi; S, Va-0) 

3 (L,V-CSpj S,A^a-0) 

0 


4 (L, A^-0; S, V-CM-eSp) 
1 
0 

1 

0 

1 

1 

1 

0 

3 (A"-CSp; S,A"a-0) 
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TABLE 1.— (Coniinucd) 


Kpsiilts of inoculation^- ^ 


Family and species 


Hcliopsis scabra Dun. 

B. elipfcrmn Mmboltinnim 

DC. 

Leptospnr maritima 

(Hook, f.) A. Gray . 

Jiudbt'cl'ia hirta L. 

S anvil a lia procum bens 

Lam. 

Soiidapo ruposa Mill. 
Tagetes erreta L. 

T, patnla L. 

T. signala Bartl. 
Taraxacum officinale Weber 
Thrlesprrma hybridnm 

Vo8.s . 

Zinnia clegans dacq. 

Z. haageana Begel 

Con voiiVUL a(’eae 

Calonyction aculeatum 

IIou.se . 

Ipomova batatas Lam. 

1. nil Both 

I. setosa Ker .... 

L tricolor Cav. . .. 

Chucief.rae 

Barharca vulgaris B. Br. . 
Brassica napohrassica Mill. 
B. olcracca L. 

B. xu'l'ijLcnsis Bupr. 
Capsclla b ursa-pastoris 

(Ij.) Medic. 

Cheiran thus allionii Hort. 

C. cheiri L. ... 

Tbrris glbrnltarica L. . 

1. scmpcrvircns Tj. 

1. umbcllata L. . 

Lobularia maritima Desv. 
T/unaria annva L. 

Malhiola bicornis DC. 

M. in can a li. }.ir. 

llaphanns raphanislrvm L. 
i?. sativns L. .... 

Gkrania(jeae 

Geranium carolinianum L. 
Pelargo niii m. h ortor um 
Bailey 

P. ndoralissinivm Ait. . 

Gesneriaceaf. 

Saintpaulia ionantha 

Weiidl. ‘ . 

Sinningia spcciosa Bentli. 
and Hook. 

HYI>kOI»HYE!,ACEAr 

E ni men ant he pend u I i flora 
Benlh. 

A emophila iasignis Benth. 
A", maoulata Benth. 


With tobacco-etch virus 

0 

1 

0 

0 


0 

0 

0 

0 

0 

4 (L, V-0; S, V-(^M) 

b 


0 

0 

0 

0 

0 

P 

(.» 

P 

0 

P 

n 

n 

o 

(» 

0 

U 

0 

0 

0 

p 

0 

0 

0 


0 

0 


A (U V-BrNSp; S, V- 
BrNRj»-D) 

1 

] 


AVith tobacco-mosaic virus 


0 

1 

1 

;{ (L. V~CSp; S,Ya->0) 

1 

0 

2 

T 

1 

0 

0 

1 


1 

p 

1 

p 

1 

p 

1 

p 

p 

1 

I 

1 

1 

0 

1 

1 

4 ( L, S, V-LeDis) or 2 

1 
0 
P 
p 

1 

0 

0 


0 

1 


2 

1 

(L, V-BrNSpBi;S,Va-0) 






1946] 


649 


Holmes: Host Ranges for Tobacco Viruses 

TABLE 1.— (Continved) 


Family and spocies 


"Results of inoculation®* *> 

Witli tobacco-etch virus With tobacco mosaic virus 


4 (L, V-0; S, V-\W^M) 
2 


4 (L, V-0; S, V-CSp) 
2 


PhaccHa rampanularia 

Gray . . 

P, ciliata Benth. .. 

P, fjrandiflora (Benth.) 

Gray . 

P.visrida (Benth.) Torr. . 

P. whillavia Gray 
Labiatae 

Colrus hhtmri Benth. 
Lamium amphxicaule L. . 
Lyropus riibdlHS Moench 
Marrubium vulpare L. 
MfH«sa offichiaHs L. 

Mi ntha Hpivala L. 

Xvpcta cataria L. 
N.hcderavca (L. i Trev. 

.V. muxsini Sp^en^^ 
Prunella vulfforis L. 

Salria a::urta Lam. 

S. farinncca Benth. 

S. patens (’av. 

S. splvndrtus Ker 
].,K«rMIN()SAE 

JtnUchos labial) L. 

(rhfcint nifU' (1^.) Alerr. 
Ltns isrult'hta M<u*ncli 
Lvpinns hnriivi pii Inndl. 
Af((lira(/o sain'a L. 

Phas* olus cocci IK ns Tv. 

P. anrrus Ib»xb. 

P.liiiK nsis Maef. 

P. I'ulgaris L. (accordinj; 

t() variety) 

Pisnm sativinn Iv. 
TrifoUuvx incurnainm T.. 

T. pro tense Iv. 

T.nprns L. 

Vida faba L. 
r. saliva L, 

Vipna sinensis ^Tv.) Endl. 
LOHKiaAlKAE 

Lobelia eritius L. . . 

L. gracilis Andr. 

L. in flat a Tv. 

7v. Unnior U. Br. . 

MARTYNIACEAE 

Prohoscidea louisiana 
(Mill.) Woot. and Stand. 
XOLANACKAE 

Xolana lanccolafa ^lit‘rs 

PaI'AVKRACKAE 

Chclidaninm niajns 
IInnnemannia fumariae- 
folia Bweet 
Pa paver nndicaule L. 

P. oricnialc L. . . 


4 (L, V-eSp: S,V-OM-]Sra) 
4 (L, V-0; 8, V-Vc-N- 
NStStr) 

4 (L, Va-0; 8, Y-X8e ) 

0 

4 (L, Y-0: 8. V-OM-Ma) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

(I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

4 CL,Y-0; 8, V-DifCM) 

4 (L, V-O; S, V-CM ) 

4 (L, V-<>; S, V -OWi-N) 


4 (Tv, V-0; S,Y-A>-CM) 

4 ( L, V-O: S, A-CVc-X- 
Stu—CM-Dis-LePu 

0 

0 

0 

0 


4 (L, V-0; S, V-CVc-CM) 

4 (L,V-0; S,V-CM) 

4 (L, V-O; S,V-CM) 

1 

2 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

I 

0 

0 

0 

0 

0 

0 

0 

0 

3 (L,A''-RN8p; S, Va-O) or 0 
0 
0 
0 
0 
0 
0 
0 

1 

1 

1 

1 


4 (L,V-0; S, V-CM) 
4 (L,A^-0;S,V~CM) 


r> (L,V-l)ifC;S,Va-0) 
0 

3 (L,V-0-N; S,Va-0) 
0 




650 


Phytopathology 


[VoL. 36 


TABLE 1. — (Continued) 


Family and species 


Results of inoculation*- *> 


With tobacco-etch virus With tobacco-mosaic virus 


Phytolaccaceae 
Phytolacca dccandra L. . . 
Plantaginaceae 
Tlantago lanccolata L. .. . 

P. major L. . 

P. rugelii Dene.. 

Polemoniaceae 

Coliaea scandens Cav. 

(xilia capitata Dougl. 

G, Uniflora Benth.. 

Phlox drummondii Hook. 

PORTULACACEAE 

Portulaca olcracea L. . .. 
Primulaceae 
Anagallis arvensia L. . 
Primula malacoidcs 

Franch. . 

P. ohconica Hance . 

SCROPHUI.ARIACEAE 

Antirrhinum majus L. 

Collinsia hicolor Benth. 

Cymbalaria muralis 
Gaertn., Mey. an d Scherb. 

Digitalis purpurea L. 

Linaria maroecana Hook.f. 

/>. vulgaris Hill . 

Mimulus moschatus DougL 
M, tigrinus Hort. 

Nemesia strumosa Benth,... 
Penstemon grandiflorus 

Nutt. 

Torenia fournieri Lind. 

VerhasGum phoeniceum L. 
Veronica longifolia L. .. . 

V, officinalis L. 

V. peregrina L. 

Zaluzianslcya villosa 
Schmidt . 

SOLANACEAE 

Browallia americana L. 

P. spcciosa Hook. 


Capsicum f rutt'seens 1j. 


Cypho m o ndra I' ctacca 

Sendt. 

Datura stramonium L. , 
Lycium chinense Mill. . . . 

Lycopersicon chilense Dun. 


0 


0 

0 

0 


2 ^ 
0 
0 


3 (L, V-LeWiAb; S, Va-0) 
0 


0 

0 

3 (L, V-eSp; S, Va-O) 

1 

0 

o 

0 

0 

0 

0 


1 

0 

0 

0 

0 

4 (L,V-CSp; S, y~0 ) 

0 

4 (L, V-O; S, V-CM-Stu) 


4 (L,V-0; S,y-CM; 


0 

4 (L,y-0; S, y-CM~Dis) 
3 (L, V-DifCSp or BrNSp: 
S,Va-0) 

0 


3 (L, y-CRi-RRi; S, Va-0) 
1 

3 (L,V-NBrRi; S,Va-0) 

3 (L, V-eSp; S,ya-0) 

0 

1 

2 

4 (L, y-CSi)-CCoRi; S, V~ 

esp) 

1 


1 

1 

1 

1 

4 (L,V-0; S, V-CM) 
1 

4 (L,y-NSe; S, V-0) 
1 
1 
1 
1 
o 


1 

2 

1 

1 

1 

1 

o 


3 (L, V-CSi)-CRi-Ch; S, 

Va-O) 

4 (L, V-eSp; S, V-O-CM) 
or 3 (L, V-BrNSpPe-LeAb; 

S, Va-O) 

4 (L,V-GSp-Ch; S,V-C- 
Stu-CM-Ch) 

01*4 (L, V-CSp-NSp-JjeAb; 

S,y-CSp-NSp) 
or 3 (L, V-NSp-LeAb; S, 
Va-O) 

or 3 (L,V-CSp-NSp-LeAb; 
S, Va-O) 

0 

3 (L,BvNSpPc; S,Va-0 ) 

3 (L,V-DifCSp;S, Va-O) 

4 (L,V-0; S,V-CM-K) 
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Results of inoculation*' »> 


Family and species 


L. esoulentum Mill. 

L, hirsutum Dun. 

L. peruvianum (L.) Mill. . 
L. pimpinellifolium 

(Jusl.) Mill.. 

Nioandra physalodea (Ij.) 
Pers. 


Nicoiiana acuminata 
(Gmh.) Hook. 


N,alata Link and Otto 

N. bigcUfvii S. Wats. 

y, honai inists Lolini. 

caudiffcra Phil. 

.V. clevclandii A . Gray 

N, dighita Clausen and 
GGodspeed 

N. glattca Orali. 


N, gJutinosa L. 


A. laugsdorffii Weinin. 

.V. longifiora Cav. 

S. nudicanlis S. Wats. 
y. otophora Griseb. 
y. palmcri A. Gray 

.V. paniculata L. 

y, plumbaginifolia Viv. 

y, raitnondii Maebrido 

N, repanda \Villd. 

y. rustica L. 

y, sandcrac Hort. 

N, solanifolia Walp. 

N. sylvestris Spogaz. and 

Comes . 

y. tabacum L. 


With tobacco-etch virus 

4 (L,V-0;S,V-CM) 

2 

4 (L, V~0; S,V-CSp) 
4(L,V-0;S,V-CM) 

4 (L, V-0; S, V-CM-C8p) 


4 (L, V-C; S, V-OVe-(>- 
StiM’M ) 

4 (I., V~0; S, V--Ve-CM~E) 

4 (L, V-0; S, V-O-Pu-Stu- 
T.eDi8-CM) 

4 (L, V-DifCSp ; S, V-CU'C- 
DifOSp) 

4 (L, V-Y-N; S, V-CM- 
Stu) 

4 (L,V-0; S, V-Stii-CVc- 
CM-E) 

4 (L.V-0; S, V-Vc-CM- 
l>is) 

1 


4 (L, V-CSp; S, V-CM-E » 


4 (L, V-0; S, V-Vc-GCM) 

4 (4 V--0; S, V-Vc-GCM') 

4 (L, V-0; S, V-CM-I)is) 

0 

0 

4 (L, V-CSp; S, V-CRi) 

4 (L, V-O; S, V-CVc-CM) 

0 

4 (L, V-CSp or NSe; 8, V- 
CM-t^Sp) 

4 (L, V-O; S, V-Vc-CM- 
Dis) 

4 (L,V-DifGSp; S, V- 
CVcPMlM) 

4 (L, V-O; S,V-C8p) 

4 (L,V-0;S,V-CM) 

4 (L, V-CSpE; S, V-CM-E) 


With tobacco mosaic virus 


4(L,V-0;S,V-CM-Di8) 

2 

1 

4 (L,V-0; S, V-CM) or 2 

4 (L, V-0 or CSp or Ch; S, 
V-CSp or Ch or CM- 
Fcd) 

4 (L, V-BrNSp; S, V-X- 
StStr) 

or 3 (L,V-BrNSp; S,Va-0) 
4 (L, V-BlBrNSpPc; S, V-N 
or L,V-(^Sp;S,V-CM) 
4 (L, V-CSp or O; 8, V-O 
Stii-CM or D) 

4 (L, V-CSp;S, V-(Wc- 
CM-Dis) 

4 (L, V-CJNSp; S, V-C-Pii- 
Stu-CM-Dis) 
4(L,V-C;S,V-yoLePu- 
C-CM) 

3 (L, V-BrNSpPc; S, Va-0^ 

4 (L, V-CSp or 0; S, V-CM) 
ora (L, V-CSp; S,Va-0) 
or 2 or 1 

4 (L, V-BrNSpPc; S, 
V-NSp) 

ora (L,V-BrNSpPe; S, 
Va-0) 

4 (L, V-BlNSpPc; S, V-X- 
StStr) 

4 (L, V-O; S, V-Stu-CI^l- 
Dis) 

4 (L, V-CSp; S, V-C-Stu) 

4 (L, V-O; 8, V-CM-Stu) 

4 (L, V-0; S,V-CVc- 
LcYPu-CM) 

4 (L, V-C8p; 8, V-CVc- 
(WT-Eii) 

4 (L, V-O; 8, V-OVc-C~ 
CM-Dis) 

4 (L, V-O; 8, V-C8p-CM) 
or 2 

4 (L,V-BrXSpPc; 8, V- 
N-D) 

4 (L, V-BrNSpPc-Ny; S, 
V-N8p) 

4 (L, V-BlNSpPc; 8, V-N 
or L, V-CSp; 8, V-CM) 
4 (L, V-O; 8, V-CM) 

4 (L, V-O; 8, V-CM) 

4 (L, V-CSp; 8, V-CVcPu- 
CM-Dis) 
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TABLE 1.—(Concluded) 


Family and species 


Results of inoculation*- 


With tobacco-etch virus With tobacco-mosaic virus 


X, tomeniosa Ruiz and 
Par. . 

.V. tonxf iiiosiformis Good- 
speed . 

X. trigonophylla Dun, .. 

y. vndulafa Ruiz and 
Pavoii. 


X. wigandioides Koch and 

Pint . 

Xieremhergia hippomanica 

Miers . 

Petvnia hyhrida Vilm. . . 

Physalis alkeVengi L. 

P. angulata L. 

P, peruviana h . 


P. sabglabraia Mackenzie 
and Bush . . 

Salpiglossis sinuaia Ruiz 
and Pa von . 

Schizonihus pinnatus Ruiz 
and Pa von . 

Solan uni capsicasfrum Link 

S. dulcamara L. 

S, infrgrifolivmPoir .. 

S. melon gen a L. 


S, nigrum L. . 

S, sanilwongsei CrsLib . .. . 
S. tvbtrofum L. 
Umbellipf.rae 
Apium grarcolcns L. . 

Pauciis caroia L. 

Pasiinacn saiiva L. 
Pctroselinnm hoiiensc 
HoflFm. 

Trachynicnc caervlea R. 

Grah. . 

Verbena ceae ' 

Lantana camara L. 
Verbena canadensis Britt. 
V, hghrida Voss. 


4 (L,V-0; S, V-eSp) 


0 

4 (L,V-0: S, V-CM) 


4 IL, T-C-LeCol: S, V-Stu~ 
r-CM-LeGol-D) 


1 

4 (^L, A'-O: S, AM"M-l)is) 

1 

4 ^ L, A-XSj.; S, A^-^’M-Dis) 

4 (T., A'-BrXSpPe; S, A'- 
XSp-AA’i-LeA)>-(M 
‘•r T> 


4 L. AW’Sp: ?<, A’-ExStii- 
L.Pu-CAi; 

4 (L. A^-0: A’'~C-X- 

A’oLor’ol > 

1 

<1 

1 

1 


4 - L. A'-r); 

4 i L. A"-0: S. A^-CAI) 

0 

0 

0 

0 

0 

0 

0 


4 (L,V~CSp; S, V-eSp- 
CM-Dis~En) 

4 (L,V-CSp; S, A"-CM- 
eSp-En) 

4 (L, V-CSp-Ch; S, V-CVc- 
(M3M-Dis-Stu) 

4 (L, V-NSp; S, V-N or L, 
V-C; 8, V-OVc-CM- 
Dis-Stu) 

1 

4 (L,A^-0; S, V-OM-T>is) 

4 (L,A"~0; 8, V-G~CM) 

4 (L,A^~0; S,V-CM) or 2 
4 (L,A^~A\rNRi-LeAb; S, 
V~N~LeAb) 

4 (L, V-O; 8, A^-CM ) 


o 


A (UA^-ON; 8, V-0- 
XStStr-D) 

4 (L, V-XSp-PoSt8tr; 8, 
A'-vStu-Wi-N-NSt-D) 

3 (L, V~BrNSp; S,A^a-0^ 

1 

4 (L,A-BrN8i>-StN; 8, V- 

BrNSi^-l^nNStr) 

4 (L,V-CSp; 8, V-CM) 
or 4 (L, V-BrN8p; 8, V-N- 
StPeMvNStr-D) 
or 3 (L,V-BrNSp;S,Va-0') 
4 (L, A^-O; 8, V-GCM) 

4 (L, A^-0; S,V-Ch) or 2 
4 (L, V-N; 8, V-N) 

1 

1 

0 

1 

0 

0 

1 

3 (L, V-C8p or N8c; 8, 
Va-0) 


V,r.nosa Gill, and Hook. 


0 


0 
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of necrotic primary l<‘si(»us b;\' odc virus in areas already systemically in¬ 
volved in patterns of chlorotic mottling: by the other would be expected from 
our knowledgje of otlior dissimilarities between the two viruses but has not 
been specifically demonstrated heretofore. 

In table 1 and in the text immediately following this paragraph, species 
names of plants lor which complete data with respect to susceptibility to 
infection by both tobaeeo-eteh and tobac*co-mosaic viruses became available 
during the course of the study have been arranged alphabetically by 
families. Insusceptibility to either virus is indicated in the appropriate 
column of the table by the symbol 0, susceptibility by numbers 1 to 4, in¬ 
dicating different grades of disease as explained in a footnote to the table; 
details of recovery of virus and of manifestations of disease at the site of 
inoculation and in the growing tops of inoculated plants are described paren¬ 
thetically where needed, by a set of symbols patterned on those of Grant 
(5) and Wellman (18;. These symbols in parentheses, explained in a 
second footnote of the table, are used primarily for brevity but permit also 
an adequacy of detail that should facilitate .selection of appropriate hosts 
for specified reactions desired in exjverimental work. Reisolation after 10 
days of any etch virus or of enough tobacco-mosaic virus to produce at least 
1(1 lesions on an inoculated plant of XiroHaua ghdinosa forms the basis for 
indication of virus recovery in the table. Experience has shown that such 
criteria are, in general, approjiriate for clistinguishiug potentially suseepti- 
bh‘ frcnn in.siisceptibh> sj>ecics. It is to be understood, of course, that a 
si)eeit‘s a[)pearing insuscc)>tible might be infected eventually if attempts to 
inoculate it me<diaiii<*ally were continued or if grafting or other additional 
means of inoeulatiou were used, but it is not known that this actually would 
oi'(*ur. Obviously, too, a species found potentially susceptible, as shown by 
experimental infection after mechanical inoculation, may or may not or¬ 
dinarily become infected in nature. 

Families in which all tested s]>eeies were found insusceptible to infection 
by both tobacco-etch and tobacco-mosaic viruses were the following 
tested species are also indicate<0 : Acanthai’EAK— Thunhergia alata Bojer ; 
Amaryllidaceai: — Ilippiastrum puniceiim Urban; APoeYNACEAE— \u\ca 
rosea 1j.\ Araceae — Sifmpl near pus forfidus (L.) Nutt.; As(’LEPIAdaceae — 
AscUqrias nirassarica L., A . sgriara L.; Begoniaceae— Begonia semper- 
florens Link and Otto; ("rruRiUTACEAE— Cifndlus vulgaris Schrad., Cu- 
enmis saiirns L., (\ mdo L., Cucurhita maxima Duchesne, C. pepo L., 
Luffa acuiangula Koxb., Momordwa charanUa L.; Dipsaceae— Scabiosa 
atropurpurea L., N. caucasica Bieb.; Euphorbiaceae— Am/i/p/ifl virginica 
L., Euphorbia hetcrophyUo L., E, marginafa Tursh, E, presUi Guss,, Kicinus 
comniufiis L. ; Gka:mineae— Arena safira L., Holcus sudaneiisis (Stapf) 
Bailey, ITordeum vulgare L., Secale cerealc L., Triticum aestivum L., Zea 
L.; Hypericac e.at :—Ihjptrkum horeale (Britton) Bicknell ; Liliaceae 
_ Allium cepah., Lilium philippiucnse Baker ; Linaceae —Linum flavum L., 
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L, grandiflorum Desf., L. perenne Tj. ; Malvaceae —Althaea rosea Cav., 
Gossypium hirsuium L., Hibiscus esculent us L., H, manihot L., Lavatera 
trimestris L., Malope trifida Cav., Malva rotund if alia L.; Nyctaginaceae— 
Mirabilis jalapa L.; Onagraceae —Clarkia elegans Dougl., Oenothera 
lamarckiana Ser. j Oxalidaceae —Oxalis cornicidata L., 0. stricta L.; 
Eanunculaceae — Aquilcgin cacrnlea James, Delphinium cultorum Voss, 
Ranunculus asiat/icus L. ; Resedaceae— Reseda odorata L.; Rosaceae— 
Geinn canadense Jaeq., (i. chiloense Ralb., Poteniilla arguta Pursh, P. 
monspeliensis L., Rosa odorata Sweet; Violaceae —Viola arrensis Murr. 

Families in Avbich all tested species were fonnd insusceptible to tobacco- 
etch virus and in which all tested species showed increase o£ tobacco-mosaic 
virus locally but neither systemic spread of virus nor production of an 
obvious disease were the following (the tested si)ecies are also indicated) : 
Bignoniaceae — Incarvillea variabilis Batalin; Boraginaceae — Anchusa 
azurea Mill., A. capensis Thunb., Cynoglossum amabile Stapf and Drum¬ 
mond, Eckiuni vulgare L., Ileliolropium corynibosum Ruiz and Pav., My^ 
osotis scorpioides L., M. sylvatica lloffm.; Crassulaceae — Kalanchoe 
daigremontiana llamet and Perrier; FT\MARiACEAE--vlr7/«m/a fungosa 
Greene; P1jUmbagina(eae— Limonium bonduclli (Lest.) Kuntze, i. smua- 
tum (L.) Mill.; PoLYGONACEAE— Fogopyrum csculentum Gaertn., Poly¬ 
gonum hydropiper L., Rumex c'rispus L., R. obiusifolius L.; Tropaeolaceae 
— Tropaeolum majus L. 

It will be observed, by references to the dipfits in tlie body of table 1, 
that in no instance did a plant show evidence of infection and virus multi¬ 
plication (numbers 1 to 4) by reason of mechanical inoculation with tobacco- 
etch Aurus and failure (indicated by 0) to become infected Avhen similarly 
inoculated with tobacco-mosaic virus. However, the grades of disease were 
not so clearly (‘Oi-related, one virus sometimes outrunning the other in mov¬ 
ing throughout the plant (as shown by combinations of grade-of-diseas(» 
numbers such as 1-4, 4-1 ) or outdoing the other in injury to invaded tissues 
(1-3, 3-1). Whatever one's estimate of the practical impoi-tance of masked 
(‘.arriers as vims reservoirs, a further impoi-tance attaches to them from a 
theoretical viewpoint. Presumably masked (-arrim*s of a virus, equally with 
obviously diseased plants, reflect at least the minimal biological require¬ 
ments for increase of the virus within its host. Ft is true tliat severity of 
disease has been considered by Leach (13) to influence insect vectors in their 
transmission of viruses from diseased to healthy plants. Thus the per¬ 
petuation of viruses in nature may be dependent in some measure on degree 
of severity of-disease manifestations. Yet plants obviously affected by dis¬ 
ease after infection together with those in which virus multiplies but in 
which effects on the i)lant are so slight as to be overlooked on casual ex¬ 
amination must be collectively recognized as defining, for theoretical pur¬ 
poses. the distribution in nature of materials and conditions essential for 
viral increase. 

Reference to figure 2 will show that the experimental host range of etcli 
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virus is centered about a part of the plant kingdom near the Solanaceac, 
much as is that of the mosaic virus; further, that it is narrower than, and 
enclosed within, that of the mosai(5 virus as has been noted in discussing 
table 1. Although all known naturally infected hosts of eteli virus are 
members of the Solanaceae, it must be noted that the Ilydrophyllaeeac as a 
group are notable for susceptibility so far as tested experimentally. Wide¬ 
spread eultivatioii of solanaceous plants i)erhaps has been the decisive factor 
ill drawing our attention to etch disease, but the causative virus long may 
ha\o utilized wild species in the Solanaceae and in other families as hosts, 
and infections in nature may yet be. found in hydroi)hyllaceous species or 
ill elosel3^ related groups. 



tie. 2. Taxonoinic vt'lationships of plants siisfoptiMe to infection by tobacco-etcli 
and toba('co mosaic viruses. SpocM<*s tested by inoculation arc indicated by circles; black 
circles iiulicate 8pt‘cies found susceptible to both viruses; white circles, to neither virus; 
half Idack circles, to tobacco mosaic, but not to tol'acco-etch virus; nt> species was found 
susceptible to tobacco etch virus yet not to tobaccc»-musaic, virus. 

Figure 2 em])hasizes tiu' fad that the exiieriineiital host ranges of tobacco- 
etch virus and of tobai‘(*o-mosaic virus are on the 'tvhole familial in character 
and tend to involve large blocks of species in closely^ related families, ex¬ 
ceptional instances of resistaiK'e within these blocks being few, exceptional 
instances of susceptibility in other families being likewise few. Arrange¬ 
ment of families in the diagram is like that in diagrams used in an earlier 
paper (7) dealing witli experimental hosts of tobacco-mosaic virus alone. 

In table 2 there is a brief summary^ of the incidence of various types of 
response among the tested species. From tliis tabulation ma,v be derived 
three generalizations other than the principal one that species incapable of 
supiiorting tlie increase of tobacco-mosaic virus proved incapable also of 
supporting the increase of tobacco-etch virus. These are; Species that 
showed systemic symptoms (Class 4) with mosaic virus mostly show’cd sys¬ 
temic s.vmptoms witli etch virus also; the reason for this is not evident, but 
the converse was true as well, for species that showed sy\stemic sy’^mptom^j 
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with etch vims mostly showed systemic symptoms with the mosaic vims as 
well. Si)ecies that did not take etch hut did take mosaic tended to take 
mosaic mildly; why should this have been? Finally, species that took 
mosaic mildly mostly did not take etch. 

lnsx)ection of the classes of response (0 to 4 ) listed in table 1 and accom¬ 
panying text suggests that for both viruses natural immunity must be con¬ 
sidered the commonest of the five arbitrarily d(*fined conditions of her¬ 
baceous plants in general. For tobacco-mosaic virus, the other four types 
of response in order of frequency were 1, 4, 3, 2, the largest number of 
susceptible plants localizing virus without cibviclits disease manifestations. 
For tobacco-etch virus, however, the order of freciuency was 4, 1, 2, 3, most 
sns(*eptible plants permitting systemit* spread of virus ajid clearly showing 
disease. If the production of obvious systemic disease had been regarded 

TABLE 2 .—Number of aperies bp iliffevent grades of disease after testing 

separately with tobacco etch and tobacco-notsate inoculations 


Grades of disease® 

0 

(rich) 

1 

( etch 

o 

(etch ) 

3 

(etch) 

4 

(etch) 

0 

(mosaic) 

in 

0 

0 

0 

0 

1 

(mosaic) 

80 

* 

3 

3 

7 

(Tnosaic) 

5 

1 

4 

0 

5 

3 

(mosaic) 

20 

o 

1 

2 

o 

4 

(mosaic) 

11 

5 

0 

2 

39»> 


« Symbols 0 through 4 tor arbitrary grad«‘S of disease as iu table 1. 

b Tn a few instances jdants of a given species have reacted at times with one grade of 
disease, but at other times more severely: the iiiore severe grade is entered in this talde 
for each such case. 

as the only criterion of infection, it would have been concluded that the 
two viruses affected about equal numbers of the species inoculated (53 for 
severe-eteh virus; 57 for tobacco-mo.saie virus). Actually, howover, tJiis 
is far from the case when the more tolerant and the movement-restraining 
hosts are also recognized, 73 per cent of tested species proving naturally 
iininuiie on inoculation wn'th etch virus, only 36 per cent on inoculation with 
tobacco-mosaic virus. 

Altogether, among tin* 310 species for which comparative data have beea 
obtained, 83 proved susceptible to infection by both viruses, 116 to infection 
by tobacco-mosaic and not tobacco-etch virus, none to infection by tobacco- 
etch and not tobacco-mosaic virus, 111 to iiifectioii by iieitber virus. 

DISCVSSION 

On the basis of the present results, it seems feasible to predict that 
species susceptible to infection by strains of etch virus will usually, perhaps 
always, prove susceptible to infection by straijis of tobacco-mosaic virus. 
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Such predictability characterizes no other ])air of viruses that arc serologi¬ 
cally unrelated, confer no cross inmiunity, and have radically dilferent re¬ 
sistances to inactivation by heat. 

What is the meaning of this finding that all S3 species that ])roved 
susceptible to infection by etch virus were able to sni>p()rt increase of 
tobacco-mosaic virus? Are tlie requirements of th(?se two viruses definitely 
related as has been suggested with respect to the requirements of some 
viruses (1, p. 117) ? How should we explain the ability of tobacco-mosaic 
virus to infect an additional 116 species that appear to be naturally immune 
to infection with etch virus ? 

The experimental evidence now in hand suggests the hypothesis that 
the tested (severe-ctch) strain of tobacco-etch virus requires one or more 
substances or conditions in its hosts in addition to all those needed by the 
strain used to represent tobacco-mosaic virus. In the (course of time this 
hypotli(»sis will be tested automatically, as information on additional species 
accumulates. It may be worthwhile to remark that exceptions naturally 
must be expected to arise in connection with any such generalization. If 
they i)rovc few, ho\vever, they may tend merely to emphasize the significance 
of the rule without disproving it, for they may point only to independent 
relationships, such as specific harmful effects on tobacco-mosaic virus even 
in the presence of all that is normally required for its increase. 

A greater similarity than might have bemi anticipated was found in the 
ty])es of disease induced by tobacco-etch am I tobacco-mosaic viruses in the 
ex])erimental hosts as a group. The most distinctive characteristic of etch 
disease in tobacco, a wliitish stippling of areas of leaf surface involved in 
Itrimary and secondary lesions, has given rise both to the name of the causa¬ 
tive vij’us (17, 12) and to a tendency to consider the virus as generically 
distinct from tohacco-mosaic virus ^ 16 -. Reference to table 1, however, 
will show’ that chlorotic mottling (t'M was commonly observed in this 
study in systemically susceptible host.s, etehijig (E) very rarely. Etch 
virus appears, on the w’holc, to be a typical mosaie-t^ 7 )e virus, rarely deviat¬ 
ing even to the extent of producing etch patterns. Indeed the diseases 
induced by the tw’o viruses seem fundamentally alike, and are often strik¬ 
ingly similar in their manifestations. 

With this similarity of disease tyi>e and the partial predictability of 
host range in mind, one iniglit tend to conclude that the tw’o viruses W’ere 
closely related genetically. Evidence against any very close relationship, 
however, may be summarized as follows: No interference with production of 
tobacco-mosaic virus was noted by Bawden and Kassanis in tests involving 
previous inoculation of plants with severe-etch virus (1, p. 113), No pro¬ 
tection against local necrosis is afforded by inoculation of appropriate plants 
with one before the other (Fig. 1). There is no known antigenic similarity 
(3) despite an early erroneous report (2 >. iloreover, the two viruses differ 
sharply in their thermal stabilities; whereas tobacco-mosaic virus must be 
held at about 92° C. for 10 minutes to be completely inactivated, sovere-etch 
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virus is inactivated at about 53° to 55° C. in the same length of time (1, 
p. 115; 10). Such numerous and fundamental ditferences would suggest a 
distant rather than a close relationship, if one exists. 

In view of the evidence above detailed and because no other two viruses 
of wide host range are known to have so predictable a relationship between 
their hosts, it may be most feasible for the present to consider these two 
viruses with their respective strains and substrains as fairly closely allied, 
but distinct, members of the group of typical mosaic-disease viruses. This 
is already implied by their inclusion in a common genus as separate species 
( 8 ). 

SUMMARY 

Among 310 plant species tested b}^ inoculation with tobacco-etch and 
tobacco-mosaic viruses, 83 proved capable of supporting increase of both 
viruses. 111 proved incapable of acting as hosts of either virus, 11(5 were 
susceptible to attack by the mosaic though not by the etch virus, but none 
were suceptible to infection by the etch that were not susceptible to in¬ 
fection by the mosaic virus. 

T 3 ^pes of disease induced in susceptible si)ecies are briefly recorded. 

It is suggested that inclusion of the whole known potential host range 
of tobacco-etch virus within that of tobacco-mosaic virus may mean that 
the requirements of the former include all the requirements of the latter as 
well as some other requirement or requirements. 

The earlier finding that plants susceptible to infection by tobacco-mosaic 
virus are largely confined to closely related families is confirmed. A similar 
but somewhat narrower host range is indicated for tobacco-etch virus. 

Tobacco-etch and tobacco-mosrdc viruses, though producing similar 
mottling diseases in many plants, including tobacco, are believed not to be 
closely related because they are immunologically and serologically distinct 
and definitely unlike in thermal stability. No other two viruses of so wude 
host range are known, however, to have so jmedictable a relation with respect 
to what p1« nts they can infect. It is suggested that the similarity in tlieir host 
re((uir(*ments (which l\y no means amounts to an idemtit}" even in this 
characteristic), taken in conjunction with the g«meral similarity of their 
induced diseases, may be considered as evidence of a relationship of a some¬ 
what more distant t 3 ''pe than that displa^'cd bA’ varieties of a single virus. 

The Department of Animal and Plant Patiiolo(3y of 
The Rockefeller Institute for Medical Research, 

,Princeton, New Jersey, 
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HELMIXTHOSPOKIUM TURCICUM LEAF BLIGHT OF CORN 

Chaklotte Elliott axd ^Ferle T. Jenkins 
(A<*<*epted for publication April 29, 1946) 

The 1942 epidemic of Ilelminthoaporiim hircicum leaf blight came at 
a time when hybrid corn was largely replacing the old open-pollinated 
varieties. Many new lines and crosses were being developed and tested 
under different envii-oninental conditions. Some were severely injured by 
leaf blight while otlier lines and crosses aj^peared to be more resistant. The 
double crosses in use in the Corn Belt were relatively susceptible. The dif¬ 
ferences observed indicated the advisability of further tests for resistance 
and of selecting resistant lines for use in the corn breeding program. 

In 1944, as a result of field inoculations at Beltsville, Maryland, infection 
was produced that was even heavier than that in 1942. Some of the same 
lines and crosses were grown in both years. The results of the 1944 inocuila- 
tions are given here in comparison with the results of natural infection in 
1942. 

METHODS OF IXOfULATJON 

The 1944 field inoculations at Beltsville were made on 200 inbreil lines, 
176 single crosses, and 184 double crosses, assembled from the corn-growing 
areas, to test their relative susceptibility to leaf blight. These lines and 
crosses were grown in single-ro>v plots of approximately 24 plants each in 
3 or 4 replications, altogether covering about 5 ai^res. 

Five out of 70 isolations of Ilclnnnthosporium Uircictim Pass., from 
naturally infected inbred lines of d^nt corn grown in 1942 at Beltsville, were 
selected for rapid growth of mA’celium, abundant spore production, and 
virulence. Single-spore cultures of all 5 were combined for the inoculations. 

The cultures first were grown on oat hulls plus a small amount of corn 
meal in Petri dishes; and oat hulls transferred to potato-dextrose agar 
plates for spore production. An abundance of spores developed in about 
3 weeks. Spore susjiensions were made by running ten, 100-mm. Petri-disli 
cultures in one liter of water through an homogenizer’ for 2 minutes. This 
suspension was stored at 5° C. until needed. The suspension was diluted 
1 to 10 in the field and about 10 ml. spra,yed into the central eoil of leaves 
of each plant. Inoculations were begun June 23 when the plants were 12 
to 18 inches tall and repeated about twice weekly until the plants began to 
tassel about tlv' middle of July. 

RESULTS OP THE INOCULATIONS 

The final development of leaf blight, following inoculations in 1944, 
was even heavier than the epidemic of natural infection in 1942. Within 
a week after each inoculation, numbers of small water-soaked, yellow dots, 
1 to 2 mm. ill diameter, appeared in bands 2 to 3 inches wide, on the de- 

1 Manufactured bv EppenbacR, Inc., Long Island City, New York, Serial No. 3923. 
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veloping leaves. On some 1 iues of com these developed into typical Helmin- 
thosporium turcicum le.sioiis. On other lines no further development took 
place. Until the last week in July little, if any, spreading of the disease 
from these original infections could be observed. For nearly a month 
following the first inoculation on June 2.‘{, there was almost no rain. Kains 
of 0.46 inches and 1.08 inches fell July 13 and July 20, respectively. On 
August 3, more than 5 inches of rain fell. Heavy dews formed at night. 
Leaf blight began to spread rapidly and continued to spread over all corn 
on the Station farm in the vicinity of the inoculation plots during the re¬ 
mainder of the growing season. 

Tt had been hoped that the leaf blight would develop sufficiently from 
the initial inoculations so that i)lauts, in segregating progenies, could be 



Fig. 1. Seale for rating HtJminthosporium turcicum leaf blight'. 0.5, Very slight 
infection, one or two restricted lesions on lower leaves; 1, Slight infection, a few scattered 
lesions on lower leaves; 2, Light infection, moderate number of lesions on lower leaves; 
3, Moderate infection, abundant lesions on lower leaves and few on middle leaves; 4, 
Heavy infection, lesions abundant on lower and middle leaves and extending to upper 
leaves; 5, Very hexivv infection, lesions abundant on all leaves, plants may be prematurely 
killed. 


classified as to susceptibility by the time they flowered, and thus lighten the 
task of liaiid pollination in the program of breeding for resistance. Dif¬ 
ferences among strains of corn and among plants in the amounts of infection 
that developed directly from inoculation, however, were entirely unsatis¬ 
factory for this purpose. Fortunately the disease started to spread during 
tasseling and the infection from this secondary spread was sufficiently heavy 
at pollinating time to permit a reasonably accurate selection of resistant 
plants for breeding operations. 

The amount of blight infection was recorded in 6 classes (Fig. 
Plants with only a trace of infection were rated 0.5 and those w^ith pro- 

2 Ullstrup, A. J., P. E. Hoppe, and Charlotte Elliott. Ueport of the coniinittcc on 
methods for reporting <’orn disease ratings. U. S. Dept. Agr., Agr. Res. Admin., Bur. 
Plant Indus., Soils, aiul Agr. Engin., Div. Cereal Crops and Dis. 23CC, 5 pp., Feb., 1945. 
[Processed.] 
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gressively heavier infection were rated 1, 2, 3, 4, or 5, the 5 representing 
very heavy infection. Batings were made oji a plot basis the latter part 
of August and the middle of September. 

The ratings on 95 inbred lines, grown both in 1942 and 1944, are shown 
in table 1. In 1944 the inbred lines were divided into two groups, those of 
Corn-Belt maturity (about 125 to 145 days) being grown in one series and 
the later-maturing lines in another. The ratings show much less infection 



Pig. 2. Frequency distriljutions of ratings of liclmi'nlhosporinm turcicuw loaf 
blight in single and double crosses of dent corn at Bcltsville, Md., 1944. A, 176 single 
cro8S<^8 rated September 19-20 j B, same single crosses as in A, rated August 17-19 and 
September 19-20; C, 173 double (-rosses roll'd September 19; 1), same double crosses as 
in C, rated August 23 and September 19. 


in 1942 than in 1944, but on the Avhole there is rcHsonable agreement between 
the results obtained in the two seasons, <*ertain linos having low ratings in 
both years,and others high. There is, however, no perfect correlation. 
K64 and Txl5oA have just as high ratings in 1942 as in 1944, whereas 
Ky27, K60, Oh56 with relativel 3 ’ low ratings in 1942 had very high ratings 
in 1944. Whether these discrepancies are due to differences between strains 
of the lines used in the 2 years or are due to differences in races of the fungus 
or to other causes remains to be determined. Only 3 of the lines of Corn- 
Belt maturity tested, and only 8 of the late inbred lines had light infection 
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TABLE 1.— Melminthosporium iurcicum leaf blight ratings on inbred lines of corn 
in 134B and 1944 at BeltsviHe, Maryland 




Batiugs 


Late 

inbred 

lines 


Batings 


Corn-Belt 

1942 

3944 

1942 

1944 

IXIlitUX 

Aug. 12 

Aug. 25 

Sept, 16 

Aug. 12 

Aug. 24 

Sept. 15 

Tx206 

0.5 

2.5 

2.8 

NC34 

0.5 

0.5 

0.6 

Txl5nA 

3.0 

3.0 

3.0 

CI.23 

0.5 

0.9 

1.1 

Tx4B;{ 

0.5 

3.0 

3.8 

. K175 

0.5 

0.9 

1.5 

Tx20;i 

3.0 

3.0 

3.8 

T49B 

0.5 

3.6 

2.3 

KB397 

1.0 

3.0 

4.0 

T105B 

0.5 

1.8 

2.5 

90 

3.0 

3.8 

4.0 

K155 

0.5 

2.0 

2.5 

Tx61M 

1.0 

4.0 

4.0 

T61 

0.5 

1.8 

3.0 

L317 

0.5 

3.3 

4.3 

T7-6A 

0.5 

2.0 

3.0 

B2 

3.0 

4.0 

4.5 

T18 

3.0 

2.8 

3.3 

01.4-8 

3.0 

4.0 

5.0 

K54 

1.0 

3.0 

3.3 

K 

1.0 

4.0 

5.0 

Kyl22 

0.5 

2.0 

3.5 

WF9 

2.0 

4.0 

5.0 

K41 

0.5 

3.0 

3.8 

BJ 345 

2.0 

4.0 

5.0 

Ky58 

0.5 

3.0 

3.8 

Pr 

2.0 

4.0 

5.0 

T13 

0.5 

2.0 

4.0 

01i56 

0.5 

4.0 

5.0 

Kys 

1.0 

2.8 

4.0 

461-3 

0.5 

4.3 

5.0 

CI.43 

0.5 

3.0 

4.0 

38-11 

3.0 

4.8 

5.0 

K64 

4.0 

3.0 

4.0 

33-16 

1.0 

4.8 

5.0 

K148 

0.5 

3.0 

4.0 

()h()7 

2.0 

4.8 

5.0 

K158 

1.0 

3.0 

4.0 

Oh51 

1.0 

4.8 

5.0 

K4 

1.0 

3.3 

4.0 

CM 87-2 

2.0 

5.0 

5.0 

C1.5 

1.0 

3.5 

4.0 

01.540 

2.0 

5.0 

5.0 

K166 

2.0 

4.0 

4.0 

A 

3.0 

5.0 

5.0 

CI.24 

1.0 

3.0 

4.3 

Hy 

2.0 

5.0 

5.0 

CT.63 

0.5 

3.5 

4.3 

M14 

2.0 

5.0 

5.0 

T85 

0.5 

4.0 

4.3 

K4 

3.0 

5.0 

5.0 

CI.21 

1.0 

4.0 

4.5 

5120 

3.0 

5.0 

5.0 

Ky39 

0.5 

3.3 

4.8 

1*8 

3.0 

5.0 

5.0 

CI.41 

3.0 

4.0 

4.8 

Tr 

4.0 

5.1» 

5.0 

Ky27 

0.5 

4.0 

4.8 

66 

2.0 

5.0 

5.0 

MoO 

1.0 

4.0 

4.8 

B1 349 

2,0 

5.0 

5.0 

CT.2 

1.0 

3.5 

5.0 

Mc401 

4.0 

5.0 

5.0 

Kyl7 

1.0 

3.8 

5.0 

08420 

3.0 

5.0 

5.0 

cr.27 

1.0 

4.0 

5.0 

ITE701 

5.0 

5.0 

5.0 

CT.7 

2.0 

4.0 

5.0 

OhOl 

3.0 

5.0 

5.0 

KIO 

3.0 

4.0 

5.0 

Oh67 

3.0 

5.0 

5.0 

K180 

1.0 

4.0 

5.0 

Oh84 

2.0 

5.0 

5.0 

Kv41 

3.0 

4.0 

5.0 

Txl27(? 

4.0 

5.0 

5.0 

Mo940 

0.5 

4.0 

5.0 





T7-2E 

0.5 

4.0 

5.0 





K18 

1.5 

4.3 

5.0 





Ky49 

2.0 

4.3 

5.0 





Mo71?a 

1.0 

4.3 

5.0 





CT.l 

1.0 

4.5 

5.0 





K124 

3.0 

4.5 

5.0 





Kvl3 

1.0 

4.5 

5.0 





Kv21 

2.0 

4.5 

5.0 





T21A 

2.0 

4.6 

5.0 





K17 

1.0 

4.8 

5.0 


• 



K159 

3.0 

4.8 

5.0 





Ky56 

1.0 

4.8 

5.0 





ci.3 

3.0 

5.0 

5.0 





CT.6 

4.0 

5.0 

5.0 





K60 

2.0 

5.0 

5.0 





K124 

3.0 

5.0 

5.0 





K351 

2.0 

5.0 

5.0 





Kyl32 

3.0 

5.0 

5.0 





T14 

3.0 

5.0 

5.0 
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or less in 1944. Of these, one of the lines of Corn-Belt maturity and six of 
the late lines are listed in table 1. The other four, namely, Cl.15, 01.19, 
Kyll4, and Mo21A, were not tested in 1942. All other lines had moderate 
to very heavy infection- There was less infection in the late lines in both 
years than in the Corn-Belt lines. 

Five groups of single crosses, designated as midseason, late white, late 
yelloM^, southern white, and southern yellow crosses, were included in the 
1944 experiments. The first three groups eacli contained all of the 45 
possible combinations among 10 parent lines and the last two each contained 
all but one and all, respectively, of the 21 possible coinbiiiations among 
seven parent lines. Frequency distributio|is of the ratings for the single 
crosses in each of the different groups are shown in figure 2, A. In Sep¬ 
tember the midseason single crosses had more \ery hea\T infection than 
the late and the southern single crosses. The southern white singles had 5 
per cent very light and 5 per cent light infection. The late yellow singles 
are the only others with any light infection. Frequency distributions of 
the ratings for all 176 singles in August and in September are shown in 
figure 2, B. Eighty-seven per cent of all single crosses tested in lfl44 were 
heavily infected in September. 

The 1944 leaf blight ratings of inbred parents of each group ol.‘ single 
crosses and the mean ratings of the single crosses involving each parent line 
are reported in table 2. K155 was the most resistant of any of the })arents 

of the midseason group and the mean Augnsi and September ratings of the 
single crosses involving this line also were low(?r than those for any otlier 
parent line. The low September rating of ^Io22 and the low Se])tember 
average rating foi* the crosses involving this lino indicate that it is probably 
the most resistant line in the late white group. In the late yellow groui> 
K155 again was the most resistant i)arent line both when judged on its 
ratings as an inbred line and on the average ratings of tlu' single crosses 
involving it. 

In the southern white group KC34 Avas the most ri‘sis1ant j^areut line 
and the crosses involving it had the lowe.st avei*age ratings. NC34 had the 
loAvest rating of all the 200 inbred lines, it Avas significantly more resistant 
than any other line tested. In the southern yelloAv gronj) there Avore no 
marked differences. 

An attempt A^as made in J944 to test as many doubh* crosses as were 
available. The double crosses tested were divided ijito four gr()uj)s and 
these were designated as Corn-Belt doubles, late doubles, V. 8. doubles, and 
North Carolina doubles, resi)ectiA^ely. Frequency distributions of the 
ratings of tliese double crosses are given in figure 2, C. There Avas no light 
infection in any of the double crosses in the September rating, and only 4 
per cent moderate infection in the late doubles and 6 per cent in the U. S. 
doubles in September. The Corn-Belt doubles and the North Carolina 
doubles were 100 per cent heavily infected, the late doubles and the U. S. 
doubles w^ere 90 per cent and 94 per cent heaAuly infected, respectively. 
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TABLE 2.— Summary of leaf blight ratings of inbrrd linrs and the uuan ratings 
of their single crosses following inocidation with Hehninthosporiinn turcicum in 1944 at 
BeltsvillCf Maryland 



Batiiigs Aug. 

17-19 

Jlatings Sept. 19-20 

lines 

Means of 
crosses^ 

Parent 

Means of 
crossesa 

Parent 

line*> 

Midseason group 





llv 

3.1 

5.0 

4.7 

5.0 

l;u7 

2.6 

3.3 

4.7 

4.3 

WF9 

3.1 

4.0 

4.9 

5.0 

38-11 

3.1 

4.8 

4.7 

5.0 

B3 

3.1 


5.0 


461-3 

2.9 

4.3 

4.9 

5.0 

K155 

1.8 

2.0 

4.0 

2.5 

N6 

2.3 


4.7 

. .. 

Oh28 

3.0 


4.6 


CT.7 

3.3 

4.2 

4.9 

5.0 

Late white tfroup 





33-16 

3.0 

4.8 

4.4 

5.0 

Ky27 

2.1 

4.0 

4.1 

4.8 

K55 

2,8 


4.9 


K64 

2.7 

3.0 

4.4 

4.0 

1123 

2.6 

4.3 

4.6 

5.0 

H24 

2.7 

4.5 

4.7 

4.8 

mo 

3.1 


4.8 


Mo22 

1.8 

3.0 

3.4 

3.0 

Tx4R3 

1.9 

3.0 

4.3 

3.8 

T18 

1.6 

2.8 

4.2 

3.3 

Loti n* How group 





' 38-11 

3.0 

4.8 

4.3 

5.0 

117 

2.4 


4.5 


K223A 

3.2 


4.S 


K4 

2.3 

3.3 

4.0 

4.0 

Kys 

2.4 

2.8 

4.1 

4.0 

Kloo 

1.8 

2.0 

3.3 

2.5 

Oh()4 

2.9 

4.0 

4.1 

5.0 

TS 

2.1 

3.0 

3.4 

3.5 


2.3 

0.5 

3.9 

4.0 

CT.7 

3.2 

4.0 

4.6 

5.0 


ithf rn white group 
J.KI 

NOS 7 
K7 
TIO 
TCI 

T.\155A 


Snutlurn yellow group ^ 

SS ^ 

■>■5 2.8 4.0 4.0 

K-l 27 3.3 4.0 4.0 

“’5 3.0 4.2 4.0 

at 4.0 4.9 r..o 

cJl-l 3'.2 4.0 4.3 4.H 

_ -- . ^ averaire of the ratings on the single crosses 

produilTb/Sing each inbred line listed on the left with all of the other lines of the 

RaUngs on the parental inbred lines themselves. 
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Frequency distributions of the August and September ratings of 173 
double crosses are given in figure 2, D. There was 2.3 per cent light infec¬ 
tion in August but none in September; 56 per cent had moderate infection 
in August with only 2.9 per cent in September; 41 per cent had heavy in¬ 
fection in August, and 97 per cent were heavily infected in September. 

The results of these inoculations indicate that there are resistant lines 
that tend to transmit their resistance to crosses, that earlier lines and crosses 
are more susceptible than later lines and crosses, and that the double crosses 
now being used in hybrid corn production are susceptible to leaf blight. 
NC34 was outstanding in its resistance to Helminthosporium turcicum leaf 
blight and in transmitting this resistance to^ts hybrids. It is possible that 
differences in genetic composition of the host, differences in virulence of the 
fungus, or other factors maj’ complicate the problem of resistance to this 
disease. Abundance of moisture appears to determine the stage in the 
development of the i^Jant when the leaf blight becomes severe and the result¬ 
ing damage to the crop. If the di.sease develops early in the season when 
corn plants are only partly grown, the entire croj) may be destroyed. If 
heavy infection develops late in the season, after the ears are well formed 
and the plants arc approaching maturity, losses maA' be restricted largely to 
the fodder or may affect both the yields anil qimlity of fodder and of grain. 

SUMMARY 

Field inoculation cxi)eriment.s were <*ondncted at Btdtsville, Md., in 1944 
to determine relative susceptibility of inbred lines and*crosses of dent corn 
to Helminihoaporium turcicvm leaf blight, liesults of these inoculations 
were compared with records of leaf blight during Ihe e^pidemic of 1942. 

About 5 acres of corn weiv^ iiiocul-ited twice we<4vly beginning the last of 
June and ending as the plants cann^ into tassel. The disease sj)rcad rapidly 
during August and Septeraber. 

Leaf blight ratings on 200 inbred linos, 176 single crosses, and 184 double 
crosses indicate that most lines and crosses are sus(?eptible. NC34 was 
significantly more resistant than any other line tested. CI.23, K175, Kyll4, 
Mo21A. T4911, T105B, K155, Cl.15, Cl.16, and Tx206 had only traces to 
light infection. The other lines tested showed moderate to very heavy in¬ 
fection. In general, the resistance of resistant lines was transmitted to 
their hybrids. 

i’LANT Industry Station, 

Beltsville, Maryland. 



A METHOD FOR THE MACROSCOPIC STUDY OP ROOT DISEASES 

CoBA Lee Terry Gott and G. W. Goldsmithi 
(Accepted for publication April 30, 1946) 

Pirone^ described a method suitable for the commercial propagation of 
plants from cuttings without use of soil or of any type of solid medium. 
A modification of this method seemed to offer possibilities in plant pathology, 
particularly in the study of root diseases, enabling all parts of the plant to 
be examined macroscopically at any time during the period of infection. 
The method has unlimited possibilities in permitting the use of different 
types of culture media to determine parasitic relationships. 


METHOD 


Seeds of cotton and corn were germinated under sterile conditions on 
moist filter paper, and when the hypocotyls had emerged to a length of 
2 to 3 centimeters, they were placed in root containers similar to those 
described by Pirone (Fig. 1). Each container consisted of a metal frame 



SHIVE'S 

SOLUTION 

PAN OF 

NUTRIENT SOLUTION 

GLASS OVER 
FILTER PAPER 


FIGURE I. ROOT CONTAINER 

supporting a glass surface 1() by 24 indies. At the top of the metal frame, 
sujiported partially bj* a wooden frame and partially by the edges of the 
metal frame, was a metal pan containing nutrient solution. Adjacent to 
the glass was a strip of filter paper which folded over into the pan containing 
the mineral solution. The germinating seeds were placed at the top of the 

1 Pr. Goldsmitli was Professor of liotany at the University of Texas prior to his 
death in October, 1943. 

2 Pirone, P. P. A new method of plant propagation. Science 94; 74. 1941. 
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eoiitaiiior between the glass and the filter paper. A black, metal sheet 
covered the glass portion to prevent light injury to the roots. 

The nutrient supplied was Shive's solutioir consisting of 3 salts, potas> 
sinm dihj’drogen phosphate (0.018 il ), calcium nitrate (0.0052 M), and 
magnesium sulphate (0.015 M). 

The cotton root-rot fungus, Phymatotrichum omnivornm (Shear) 
Duggar, was used as the parasite in all of the experiments. Corn, which 
is resistant to this fungus in the field, and cotton, which is susceptible, were 
used as the host plants. The fungus cultures used for inoculation were 
grown by Dunlap V method in order to insure pathogenicity. 

After the plants had grown suflSciently t>> develop a root system ai)proxi- 
mately 6 inches long, one series each of cotton and corn w^as inoculated with 
fresh sclerotia of the fungus. Another sei*ies of each was used as a control. 

To determine the possibilities of the root-growing apparatus as a method 
of testing the effects of controlled nutrient solutions on parasitism, pre¬ 
liminary work was done by substituting Na 2 S 04 for MgSO^ in the Shivers 
solution, thus creating a magnesium defiedeney. Young corn seedlings were 
placed iji the container after 12 hours and were inoculated in the usual 
manner. They were given the complete Shive’s solution for 60 hours and 
the magnesium-free solution throughout the remainder of the experiment. 

KKST’LTS 

The plants were examined daily for symptoms of wilting, and measure¬ 
ments of growth increments of the roots were made wdienever practical. 
Usually this was not possible with cotton roots as they grew’ too slowly to 

TABLE 1.— 2f f astir fin fit fs on com planis tfrinvn. in roof confainrrs, l^ivc plants 
iccrc inoculated with l*hymaf(tfrlchnni oni..'rortnn amt fivi irtn not inorttlaird 


]Nrca8ur(*iuonts“ 

Inoculated 

]>hnit8 

Xoniiioeulatcd 

plants 

E]urotyl: loiigtli 

Pin. 

30 cm. 

green weight 

gin. 

29..3 gni. 

dry weight 

1..1 gm. 

3.6 gni. 

Tlypocotyl: length 

i’7 Pill. 

43.5 eni. 

green weiglit 

3.r. gin. 

4.2 gin. 

dry weight 

.4.3 gni. 

.78 gm. 

Xumber of roots 

9 

13.5 


aEnch measurement is the averr*p«‘ for r> nhiiils. 
jK-rmit accurate uicasiiromeuts. Tn «rc)u-ial. it was found tliat corn, ■which 
is noniiaJly immune from the root-rot fungus in the, field, could be attacked 
but not killed under the conditions of the experiment. Plants which 'were 
inoculated wer^^ usually retarded in growth and lacked tlic vigor of the 
control plants. The measurements are in table 1. 

s Shire, J. W. A three-salt iiiitrient solutici. for olants. Amer. Jour. IJot 2- 157- 
.( 60 , 1915. 

sihinlap, A. A. A eonveuiciit soil-cMilturc method for obtaining sclerotia of the 
potton root rot fungus. Aiuer. Joiiv. Bot. 28: 94.3-947. 3941. 
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FICURE t. 

AVERASE SROWTH OF NORMAL AND INFECTED CORN ROOTS IN SHIVE'S SOLUTION 



FISURE S. 

OROWTH OF INFECTED CORN ROOTS IN SHIVE'S SOLUTION 
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Figure 2 shows the effect of inoculation on the root growth of 5 corn 
plants as well as the growth of a similar number non inoculated. Measure¬ 
ments are in centimeters and were made at 12-hour intervals. After 36 
hours the root-rot fungus caused a constantly diminishing growth rate of 
the corn roots, although none of the plants was killed during the course of 
the experiments. In contrast to this, the control plants continued to grow 
normally. 

Cotton seedlings, which are usually immune-* in the field, gave results 
similar to those of corn when grown under experimental conditions. The 
controls continued to grow throughout tl»e experiment while inoculated 
seedlings showed symptoms of root neerof-;is very early. The inoculated 
roots ceased growing 24 hours after inoculation and soon decayed. Tf there 
were not other secondare* roots to serve as sources of nourishment, the 
entire i)lant soon died. Sections through the infected arejas showed the 
root-rot fungus in the cells of the cortex, endodermis, and xylem. 

The corn plants which were deprived of magnesium supply 60 hours 
after inoculation showed even more symptoms than those which were in- 
feeted in the presimce of full nutritional requirements. Growth rates con¬ 
tinued diminishing, and after days root groAvth ceased. Figure 3 sliows 
the measurements of 3 typical roots during the experiment. Within a w^eek 
following the cessation of growth, the plants wilted and died. 

Sr:M .UAKY 

1. A macroscopical method for the examination Of root infections has 
been devised. 

2. Cotton seedlings growing in root containers wtne killed after inocula¬ 
tion wdth Phymafolrichum omnivo. nm, 

3. Corn, which is immune from Phymatotrichinii omnivorvm in the 
field, was rendered sus('e].)tible to atta(»k but not killed. 

4. Corn seedlings can be rendered susceptible to typical infection by 
Phyynatoirichum omnivorum, which results in death, hy withholding mag¬ 
nesium from the nutrient solution. 

Clayton Foundation, Cotton Inypstioation and Research, 
Department of Botany and Bacteriology, 

The University of Texas, Austin 12, Texas. 

fi Blank, L. M. Th« susceptibility of cotton seedlings to Phtnnaloirichum omni‘ 
vorum. Phytopath. 30: 1033-I041. 1940. 



GREEN DWARF: A VIRUS DISEASE OF POTATO’ 

J. A. Milbrathz 
(Accepted for publication May 17, 1946) 

Green dwarf, an nndescribed disease of potatoes, has been present in 
Oregon for a number of years. The disease is caused by a virus which seems 
to be distinct from all other viruses which have been reported on potatoes. 
Green dwarf has been collected from Baker, Crook, Deschutes, and Malheur 
Counties in Oregon. Since it is often found in fields of potatoes being grown 
for seed, it is probable that the disease is more widely distributed but not 
recognized. Tuber-perpetuated green dwarf wa>s found in a number of 
fields of Netted Gem potatoes grown from seed which had been produced in 
Montana. 

SYMPTOMS OP THE DISEASE 

Tuber perpetuated. The outstanding symptoms of tuber-perpetuated 
green dwarf arc late emergence and extreme dwarfing. It is not uncommon 
for a mature green-dwarf potato plant to be only six inches high, while 
adjacent healthy plants arc* two feet or more high. The basal leaves appear 
normal, but are close together in a basal rosette of four or five leaves. The 
remaining terminal growth is dwarfed and malformed, and the growing 
imint is pinched together in a cluster of small leaves (Pig. 1, A). The leaf¬ 
lets on the young leaves cup upward, forming small boat-like structures 
(Pig. ], C). The ])lants are normal green or sometimes even darker green 
than normal. The tubers are small, but have no other symptom. 

The tuber-i)er})etuated symptoms of green dwarf in the greenhouse are 
quite different from those of field-grown plants. Emergence is one to two 
weeks later than noi-mal and when the s])rout finally breaks through the soil 
a dark green, leafy bud develoj»s. which does not unfold its leaves for some 
time. The entire plant may not be over one to two inches tall, two or three 
weeks after emergence (Fig. 2). Gradually the stem elongates and the 
older leaves expand into small dark green, unmottled structures, often not 
over one to two inches long. The plants are very stiff and erect, and the 
gi'owing point remains compact or pinched together. After two months of 
growih, Green Mountain plants from tubers inoculated the previous year 
with green dwarf virus, produced blo.ssojii clusters on plants not over six 
inches tall, and the leaf spread of the plants did not exceed two inches (Pig. 
1, B). Some plants, especially the White Rose variety, after a late emer¬ 
gence and slow development, will begin to grow normally and produce a 
plant 12-18 inches tall. These plants appear normal, except that leaves 
are short and leaflets small, which gives the entire plant a narrow, leggy 
appearance. 

1 Published as Techiiieal Paper No. 486 with the approval of the Director of the 
Oregon Agrieultural Experiment Station. Contribution of the Plant Pathology Depart- 

”*^"2 The assistance of P. P. McWhorter and H. H. Millsap in the photographic v^ork is 
gratefully acknowledged. 
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A;, '■' fi«W-grown Netted Gem potato plant affected with 

green dwarf. Ihc symptoms are mueli the same for current-season and tuber-perpetuated 
green dwarf. B. A mature greenhouse-grown plant of Green Mountain from a tuber 
inf^t^ tho previous year with green dwarf. C. Typical leaf symptoms of green dwarf 
on lield-groTO Netted Gems. ** 
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Fig. 1*. Tuber-perpetuated symptoms of green dwarf. Photographed three weeks 
after emergenee. All varieties stiulied emerge late and grow slowly after eiiiergeiiee. 


Cunrnt season symptoms. The euiTent season infection of green dwarf 
from natural spread causes very little injury to the plants. The syunptoms 
are usually limited to the terminal growth of one or more lateral branches, 
and arc very similar to the symptoms of the terminal growth of tuber-per- 
petuat(‘d green dwarf (Pig. 1, A). The growth stops or becomes very much 
dwarfed. The leaves are small and the leaflets are misshapened and cup 
upward (Pig. 1. C). The leaves of the growing point are clustered together 
or pinched and dwarfed. 

No current season symptoms have been j)roduced in the greenhouse by 
inoculation, 

TKAXSMJSSilOX OF THK DISEASE 

The disease has not been transmitted by the carborundum or the tuber 
core graft methods of ino(‘ulation. It is readily transmitted by grafting a 
portion of diseased stem onto a healthy plant. Green dwarf has been trans- 


TABLE 1. —JifSHltit of iiioculaiiny potato plants with the green-dwarf virus 



Method of 

No. of plants 

No. of plants* 
with green 
dwarf 

A'ariety 

inoculation 

'noculated“ 

Netted Gems 

Carborundum 

10 

0 

0 

0 

AVhite Rose 

do 

o 

Burbank. 

do 


Netted Gems 

Core graft 

17 

0 

Netted Gems 

Side graft 

8 

9 

7 

*> 

White Bose . 

do 

rt 

Burbank . 

do 

d(» 

4 

4 

Green Mountain 


1 

X-immune seedling 

do 




' \ • *1 T nf idants were grown for each inoculation. Tiiberw wtre 

None of tho checks developed green dwarf. 
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mitted by grafting infected Netted Gems to healthy Netted Gems, Burbank, 
White Rose, Green Mountain, and X-iminune seedling. Table 1 gives the 
details of these inoculations. 

The virus apparently moves slowly through the plant because tubers taken 
from plants with current season symptoms may not all produce green dwarf. 
Likewise, individual tubers cut in several pieces and planted as a tuber unit 
may produce only one green-dwarf plant in the unit. 

LOSSES FROM THE DISEASE 

The disease has not developed to the poivt where it causes serious losses. 
Most fields have less than 1 j)er cent of the disease. In some areas there is 
considerable current season spread of green dwarf, and the disease is a con¬ 
stant worry to growers of certified seed in these areas. 

Oregon State College, 

Corvallis, Oregon. 



PHYTOPATHOLOGICAL NOTES 

Transmission of Peach Wart by Graft Inoculations with Affected Frnit 
Tissue .—On Angcust 24,1942, three J. H. Hale and three Elberta peach trees 
in the plots at Moscow, Idaho, were inoculated with fruit tissue affected with 
peach wart. Wedj^es of warty tissue approximately 35 mm. long, 3 mm. 
thick, and 4 or 5 mm. wide at the large end were placed in T cuts in the bark 
of the trunks of young peach trees. Three pieces of tissue were set on each 
tree and held in place with rubber budding strips. The external surface of 
the fruit was placed outermost and since the warty tissue was either very 
tough and leathery or woody there was very close contact between the wedges 
and the stO(?k under the rubber band pressure. Observation showed that in 
several cases the peach fruit tissue retained its normal appearance and 
seemed alive for at least a month. Cochran and Rue^ secured transmission 
of peach mosaic by a similar grafting technique using leaf, fruit, bark, and 
wood tissue. They state that in the case of leaf tissue it appeared to have 
united with the wound callus. 

In August, 1945, examination showed that transmission had occurred in 
all cases inoculated by the fruit tissue method. No control inoculations were 
made witJi tissue wedges of healthy fruit but the trees inoculated by this 
technique or by bud inoculation were the only ones showing warty fruit in 
tlie plots Avhicli contained several hundred trees. The virus causing peach 
wart is known to spread in an orchard- but even in older plantings the 
spread is slow. The oxi)eriejice with peach wart and the experimental evi¬ 
dence ]iresented indicate that the presence of the disease on these trees was 
not due to contamination but to actual transmission of the virus. Fruit 
symptoms were typical and severe.- It is not known whether tissue union 
occnirred; according to Dorsey and McMunn“ it is generally agreed that in 
nearly mature peach fruits there is no meristem present in flesh tissue. 
There remains the possibility, however, that in peach fruits affected by wart, 
some meristematic tissue may exist long after it has disappeared in normal 
fruits. Transmission by this fruit tissue method and variations of it offer 
a useful technitpie for studying properties of the peach wart, mosaic, and 
perhaps other viruses.— Eaklk C. Blodgett, Formerly Assoc. Plant Patholo¬ 
gist, Idaho Agricultural Experiment Station, Moscow', Idaho. 

Stubborn Disease of Citrus^ a Virosis. —^At the time the history and the 
d(‘s(*ription of the stubborn disease on navel oranges was first reported,’ it 
was suspected that it might be a virus disease rather than a genetic variation. 
The experimental evidence developed since that time together with further 

1 (Cochran, Tj. C., and John L. Rue. Some host-tissue relationships of the peach 
mosaic virus. (Abstr.) Phytopath. 34; 934, 1944. 

sniodgett, Earle C. Peach wart. Phytopath. 33: 21-32. 1943. 

3 Dorsey, M. J., and R. D. McMunn. Tree-conditioning the peach crop. Ill. Agr. 
Exp. 8ta. Bui. 507. p. 353-357. 1944. 

1 Fawcett, H. S., J. C. Perry, and J. C. Johnston. The stubborn disease of Citrus. 
California Citrograph 29: 346, 147. 1944. 
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observations has led to the definite coiieliision that stubborn disease on navel 
orange trees is of virus origin. 

The symptoms on navel oranges when pronounced consist of a brush-like 
growth of twigs, due to abnormal bram-hing from multiple buds. The small 
branches often bend down over most of tJieir lengtli and turn up at the outer 
ends. TJie leaves tend to be broader and shorter and bend upw’ard more 
on each side of the midrib than those of Jiealthy trees. The foliage, espe¬ 
cially on the south side, usually consists of an untimely autumn growtii 
which becomes somewhat clilorotic. Some of the fruit develops abnormally 
into forms that resemble an acorn shape^* - the rind of the stem half or 
portions of it remaining normal in thickness while the rest of the rind de¬ 
creases abruptly in thickness with the thinnest j)ortion near the stylar end. 
In severel.v affected fruit the pulp below the thin i)ortions of the rind has 
a sour or bitter taste and disagreeable odor. Trees tend to become unpro¬ 
ductive and are often mistaken for the so-calleil “ AuvStralian type” of navel. 

The most definite experimental evidence was obtained by budding sweet 
orange seedlings with buds from trees with stubborn disease (March, 1939) 
and topworking the resulting trees with buds from a liealthy navel orange 
tree (May, 1943 ).^ At the present time (March, 1946) the growth from the 
originally healthy navel buds has not only developed the typical branch and 
leaf symptoms, but some of the fruits have the “acorn” symptoms.^ - 

Healthy buds from this same source place<l on trees at the same time, not 
shoAving stubborn symptoms, grew out ajul produced normal branches, 
leaves, and fruit. 

Tile symptoms on the diseased trees developed slowly. This experiment 
corroborates many previous observations by jiropagators and growers that 
trees with these symptoms, when tot) worked with (iarefully selected healthy 
navel orange buds or scions, again had the same disease symptoms after 
developing a new top. 

There has not been time as yet to detei niine definitely Avhether or not the 
so-called ‘‘crazy top” and “acorn” or “pink nose”^ of grapefruit is the 
same disease dlthough the symptoms are similar. Transmission experiments 
on grapefruit and other varieties were begun in 1944. 

To summarize the results: Typical .symptoms liave been iTiduced in tops 
of navel orange trees grown from healtliy buds placed in diseased trees. 
Tops grown from healthy buds from the same source placed in healthy trees 
remained liealthy. 

The virus causing the stubborn disease may be designated and described 
as follows: - 

Citrivir pertinaciae^ (pertinaciae, genetive of pertinacia - pertaining to 
stubbornness), the virus causing stubborn disease of citrus. Induces on 

2 Haas, A. B, C., L. J. Klotz, and J. Johnston. Acorn disease in oranges, Cali- 
loruia Citrograpli 29: 148, 168-169. 1944. 

3 Burgess, P. S. Agricultural Chemistry jind Soils: Boron. Arizona Agricultural 
Exi)eriment Station Kept. .'52: 7. 3942. 

'« Fawcett, H. 8. Citrus viruses. Phytopath. 31: 356-3.‘>7. 1941. 
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navel oraiijre trees multiple buds and abnormal braneliiii^rs resiiltiiijr in a 
brush-like j^rowtli. liidiiees broader and shorter leaves than normal and 
iintimelx', somewhat chlorotic, jrrowth in the autumn. Causes some oJ* tlie 
fruit to take oji an “acorn’’ shape in Avhich the rind at the stem end is nor¬ 
mal, becoming: abruptly thinner and smoother over the remainder ot‘ the 
surlace. Mature Iruits tend to be sour and bitter at the navel end.—II. S. 
Fawcett, Citrus Exp(u*iment Station, Riverside, California. 

E,rp( rnni nis on the Overwintering in the Soil of Bacteria Causing Leaf 
and Pad Spots of Snap and Lima Beans. —The overwinterinyr in nonsterile 
soil oi bacti*rial j)atho};ens of snap and lima beans {Phaseolus vulgaris and 
P. lunaius var. maerocarpus (Beiith.) Van Eselt.) is still an open (piestioii, 
althou^di in the case of Xanthonwnas phaseoli (E. F. Sm.) Dowson there is 
;^’ood circumstantial field evidence for survival througrh the winter in bean 
l)lants tlirown on compost heaps. The Avriter has made the followinj^ 
experiments: 

Idaho-jiTown siiap bean seed of the Bountiful variety Avas planted in 
May, June, and July at the Arlin<»:ton Experimental Farm in Virtriuia, in a 
])lot where snap beans lieavily infected Avith Pseudomonas viedicaginis var. 
phas( olicola (Burkh.) Stapp and Kotte had been ploAved under the preA’ious 
autumn. No infection ensued. 

The soil hold-over of Pseudomonas medicaginis A^ar. phaseoJicola and 
Xanihomonas phaseoli Avas tested by buryiu" in pots of Arlington Farm soil 
lima bean leaves and p(><ls with fresh autumn infections of these organisms. 
The pots were sunk in the ground out of doors. The following spring Full 
Measure sna]) bean plants fi-om Idaho seed Avere groAvii therein and kept well 
watered, but no signs of infection appeared on them. 

A similar t'xperimeut on the Eastern Shore of Maryland likewise pro¬ 
duced Jiegative results. In this ea.se the buried lima bean {King of the Gar¬ 
den variety) leaves bore fresh autumn infections of Pseudomonas sijringae 
van Hall and the varieties planted in this soil the folloAving spring Avere 
King of the Gai-<leu lima bean and Idaho-grown Bountiful snap bean. 

Inoculation experiments to test further the overwintering of bean bac¬ 
terial ])athogeus Avere made as folloAvs: 

Lima bean leaves with autumn infections cf Pseudomo7ias syringae had 
been exposed to weathering from October 22 till June 7, but had not been 
ill contact Avith the soil. On the latter date they Avere crushed to powder and 
dusted on .sprayed pricked seedlingKS of Ideal pole lima in a damp chamber. 
The plants Avere sprayed again after dusting and kept 3 days in the damp 
chamber. No Pseudomonas sijrmgae appeared on any of the 19 plants, but 
Xanihomonas jdiaseoli Avas isolated from Avater-soaked spots on inoculated 
leaves of 3 of them. The check plants had no sign of infection. Had the 
Xanihomonas phaseoli been associated with Ps. syringae in the lesions on the 
Aveathered leaves? X. phaseoli has been found now and then, in small 
numbers, in lesions caused by various other bean bacterial pathogens. 
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The preceding experiment was repeated a week later, but with a water 
suspension of the powdered dried leaves. No infection resulted. 

Soil in which lima bean leaves with fresh autumn infections of Pseudo- 
monos medicagmis var. phaseolicola had been buried out of doors on October 
22, was used as inoculum on June 7. It w’as applied to the leaves of Ideal 
pole lima seedlings in a damp chamber, after which the plants were sprayed 
and pricked. No infection resulted.— Florence Hedges, Division of Fruit 
and Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Agricultural Eesearch Administration, Plant 
Industry Station, Beltsville, Maryland. 



REPORT OP THE 1946 ANNUAL MEETING OP THE 
NEW ENGLAND DIVISION OP THE AMERICAN 
PHYTOPATHOLOGICAL SOCIETY 

In order to coincide witii the New England-New York Spray Specialists’ 
Conference, the 1946 annual meeting of the New England Division was held 
on December 4, 5, 6, 1945. Members of A.P.S. in New York, New Jersey, 
and Pennsylvania were invited to participate in these meetings. Of the 
75 persons who registered, approximately half were from the invited states. 
In addition to the 14 papers presented, 3 symposia were conducted: Potato 
Diseases, Seed Treatments, and Teaching Plant Pathology and Trends in 
Research. 

Officers of the New England Division for 1946 are: President, Prank L. 
Howard, Rhode Island State College, Kingston; Vice President, P. J. An¬ 
derson, Connecticut Exi)eriment Station, Windsor; Secretary-Treasurer, 
Thomas Sprostou, Jr., Massachusetts State College, Amherst; Councilor, 
M. C. Richards, University of New Hampshire, Durham. 

AUSTBAOT8 OP PAPERS PRESENTED AT THE MEETING 

The Fungi of Pole-rot of Tobacco* Andkrson, 1*. ,1. A considerable number of 
species of bacteria and fungi, Jltcrnaria, Macrosporium, Fnsarium, Penicillium, Asper¬ 
gillus, Cladosporium, and others, are readDy isolated from pole-rot damaged leaves of 
tobacco in the curing shed. When leaves are inoculated these species are found to be 
either nonpathogenic or so weakly pathogenic that they could not be responsible for 
destructive epidemics. Two other fungi, Sclcrotinia sclcrotiorum and Botrylis cincrea, 
rarely isohited from old lesions, arc always isolated from the very young lesions, are 
highly pathogenic on tobacco leaves, and are responsible for the severe epidemics in New 
England. They are most active on leaves that arc still green. Later these two fungi 
an* destroyed by the other organisms mcntionefl. Pole-rot starts on tobacco while it is 
.still standing in the field. 

A Laboratory Assay for Slability of Organic Fungicide Eesidues. Barratt, R. W. 
Laboratory assays have been designed to measure the following factors causing failure 
of fungicides in the field: tenacity, previous material in the Bjiray tank or additives, 
decomfiosition during a]»pli<*ation, and decomposition of tin* spray residue from ultraviolet 
light, leaf exudates, atmospheric gases, rain water, and soil on leaves. The rate of decom¬ 
position is an important statistic. Essentially, the technique involves the spraying of 
coated glass slides in a dosage series employing a dose ratio of 2 or V <2. Replications 
of each concentration are sprayed, one set being assayed immediately for fungicidal 
potency. The remaining slides are stored at a constant temjieratiirc in a closed chamber 
having the environment being studied. By assaying slides stored for different periods 
of time, the LD9b in terms of micrograms per sq. in, can be determined. Prom the shape 
and position of the curves resulting from charting the logarithm of the LD90 against 
the time of storage in days, the relative rates of decomposition of the fungicides can be 
determined. By using this tochni<(iio Ihc rate of decomposition of disodium ethylene bis 
dithioearbamate in the presence of water and oxygen has b(*eri studied and can be slowed 
down by the addition of zinc sulphate and lime. 

Control of Damping-off by a Delay in First Watering After Seeding, Doran, W. L. 
When seeds were sowed in soils infested with Pythium, the soils having a moisture I'ontent 
of not more than 30 per cent of the water-holding capacity at time of seeding, damping- 
off, especially pre-cmergcnco damping-off, was much less severe if soil was not watered 
for the first time until several days after seeding. Numbers of plants which lived in such 
soil first watere<l four or five days after seeding were, as compared with numbers which 
lived in soil watered immediately after seeding, increased by the following percentages: 
tomato, 39 per cent; eggplant, 27‘per cent; pepper, 37 per cent; onion, 90 per cent; lettuce, 
Hit per cent; beet, 133 per cent; and cabbage, 124 per cent. Stands were not improved by 
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a delay in first watering if the soil at time of seeding had a innch higher moistur»» content. 
Stands were usually more improved by a delay of four to five days before the first water¬ 
ing than by a shorter interval. They were usually as much improved by waiting four to 
five days as by waiting longer and any further delay may be undesirable because of a 
corresponding delay in emergence. The method is not suggested as a substitute for soil 
or seed treatment with fungicides but, lacking them, it is a worthw’hile cultural practice. 

Stimulation and Eciardation of Germination of Some Vefielabtc Srfdn HeUHlting 
from Treatment with Trotective Fungicides. Foster, A. A. Copper fungicides injured 
cabbage, cucumber, and pea seed and stimulated beet, eggplant, pepper, and sjiiiiach seed 
germinated in Petri plates or steamed soil. Nitroprusside tests show^ed that copper- 
stmsitive .sc*i»ds contained tho sulfhydryl radical while others did not. Coi)per treatment 
reduced or eliminated sulfhydryl groups in seeds. Addition of the amino acid, cysteine, 
whicli contains the sulfhydryl groups, resuscitated p€\a seeds that would not germinate 
f<»llow'iiig co])pev treatment. Measurements of oxygen uptake by ground pea and spinach 
seed show'ed tliat pea respiration w’as retarded by eoj^per^but that spinach respiration was 
not. Pea. einbrj^os from treated seed had lower fresh ^nd dry weights than the check. 
The specificity is interpreted as evidence that the respiratory system of cabbage, cucum¬ 
ber, and pea is catalyzed by enzymes requiring the sulfhydryl group while the respiration 
of beet, eggplant, pc])i)er, and spinach is catalyzed by an enzyme requiring co[>pt*r. 
Effects of chloranil and tetramethyl-thiuram-disulphide could be interpreted similarly. 

lUslinguishing Permeation from Toxicity of Fungieiden. Horsfall, J. G., K. \V. 
B.vrratt, and A. Gries. Usually, toxicity data do not distinguish between permeation 
of tho chemical into a cell from damage to its eontents. Sodium siil])hate and other 
iiionovalent electrolytes known to increase permeability of cells have been found to in¬ 
crease the potency of disodium ethylene bis dithiocarlunnate and o-c|uinone dioxiiio* to 
Marrospitrinm- norcinaeforme. That this is due to increased perim‘ability and not to 
increased toxicity is indicated by the fact that the effen-t can be counteractt*d by calcium 
and other divalent electrolytes which are known to reduce the }>ermeabiHly effects of 
sodium salts. If the toxicant is held constant and sodium sulphate is inerease<l, poteuey 
ivaxos and w'aiies periodiwilly, but the wavy curve can be rectified by varying coucomi 
tantly the amount of calicnni. Assuming that the effect is due to variations in perme¬ 
ation through a colloidal gel, in this case the cell w'all of the spore, the periodic character¬ 
istic resembles the jihenomenon in Tiiesegang rings. Zinc sulphate ean sym*rgize disodiinii 
ethylene bis dithiocarbamate by liberating sodium sulphate into the* medium as tho zinc 
salt is bedng formed. The toxicity rises with addition of zinc suljdiate until all the Na 
has been replaced, despite the fact that the zinc salt is less ]>otent than the sodium .salt. 
Ayiparently, the increased p<‘riiioation more than counterbalances the reduced to.xicitv of 
the zinc .salt. Galeinm in the mixture, however, antidotes much of the effect. 

7nteraetions of Concentration^ J*resnnre, Time, and Orifiee in Spraying. IIofjsfall, 
J. G., Xf.ely Tl'RNEr, and A. T). McDonnell. The interactions of the faetors in spray¬ 
ing were stmlu'd by applying variable amounts of material i>er acre. As the amount of 
Bordeaux mixture on potatoes or calcium arsenate on beaus was increased, the* rate of 
de]) 08 it increase w’as in the follow'ing order: eoncentration > time > pressure > orifice 
diameter. Deposit increased more rayudly with short than Avitli lojig spray time, with l(»w 
than Avith liigh pressure, and with small than Avith large orifices. losing a balanced tri¬ 
angular design Avifii concentration constant, calcium arsenate de]>ositiMl best on }>otat(>es 
Avith high ])ressiin*, short time, and small orifices. Deposits, UoAvever, may have different 
tenaeity and eovt^rage as a function of technique. The bigger the deposit of ealcium 
arsenate, the faster it washed off in the rain. Applications Avith short spray times, there¬ 
fore, washed more rapidly than those from long spray times and this fended to nullify 
the advantage in original deposition. An attempted assay of coverage Avas made Avith 
the log-probit dosage-response curve using Bordeaux mixture and leaf burn on yudato. 
The laboratory conclusion that good coverage should be evinced by a steep sloyie Avas not 
confirmed because of the strong concave curvature Avhieh y:)resum"ably resulted from the 
fact that the big deposits washed more rayiidly than the smaller. 

Dutch Elm Disease Studies in Massachusetts During 1945. ^IcKenzte, M. A. As of 
December 1, Ceratostomella ulmi (Schwarz) Buisman, the causal fungus of the Dutch elm 
disease, Avas isolated from 31 additional trees or wood samydos during 1945 in Massachu¬ 
setts. A total of 74 confirmations by culture for the fungus huA’c been made since 1941: 
Berkshire Gouikty o4, Hampden County 18, Hampsliire County (first report) 2. In all 
locations wlicre the fungus was found during the year detailed surveys were conducted 
and related beetle-infested bark w^as burned by ynoporty OAvners, toAvu’trce Avavdons, city 
foresters, >St:ito fb-partnicuts, public utilitie.s, and otlnu* cooper.-itiiig agencies and indi- 
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vidiials.^ As suppleineiits to this control effort, suggestions were furnished tree owners 
eoncorning the general health of elms, spray programs for the control of leaf-feeding 
insects and particularly for the reduction to a minimum of the elm bark beetle population. 
Accordingly, the record of attempted control is indicated briefly. In general a few dis¬ 
eased trees have been found in succeeding years after the first afflicted tree was reported 
for a town, but increase of the disease has not been extensive. In the city of Westfield, 
the first diseased tree was found in 1942: a second tree was found affected in 1945. In 
the town of Alford, the first diseased tree was found in 1941; 2 additional ones were 
found in 1944. In the town of Richmond, 7 trees were confirmed for disease in 1945; 
apparently some build-up of the fungus occurred there before any diseased trees were 
found. In urban areas the amount of activity of the citizens is believed to be an impor¬ 
tant factor in disease incr(*ase, while in rural areas storm damage sometimes suddenly 
creates abundant material suitable for breeding by bark beetles. The increased use of 
oil as fuel in the postwar period may be an aid to disease control, if storage of elm as 
fuelwood is thereby reduced. 


Apple Leaf Structure in l^ilatiou to Pmetralion hy Spray Solutions, Palmiter, 
D. II., E. 4. Bokerts, and M. 1>. SorTiiwT(‘K. Spray solutions containing minor ele¬ 
ments, nitrogen, ^‘hormones, ’^ and organic fungicides have been applied as foliage sprays 
to apple trees to reduce nutritional deficiencies, prevent fruit drop, or increase resistance 
to disease. The fact that such applications liave given results showed that they had pene¬ 
trated the leaves and raised the question of how penetration occurred. Standard micro- 
chemical technique for differentiating between cutin, cellulose, and pectic substance 
showed the avenue by which water-soluble materials might pass through the cuticle and 
surround tne epidermal and interior cells. The apple leaf cuticle was not a solid mass of 
eutin but a laminated tissue comj»oscd of dise(»ntinuous layers of cutin, cellulose, and 
]>eetic materials. The stains showed a cmitinuons avenue of poctinaeious substance from 
the exterior of the cuticle to the eiudermal cells and vein extensions. The penetration 
of apple leaves was demonstrated by ]>laciiig cut terminals in a 0.5 per cent solution of 
ferric sulphate and spraj’ing the leaves with a 0.3 per cent solution of sodium dimethyl 
dlthio carbamate. As the sulphate, taken up by the stem, reacted with the enrbamate, 
taken through the cuticle, a black precipitate formed from the cutielc along the veins and 
into the stem. It was most dense in areas of greatest ])ectic content. 

Kffect of Inorganic Fertilhfrs on ftAmfion of Kew Hawpshire Victor Tomatoes 
hy Aliernaria solani, Kicharijs, M. C., and R. C. Jones. In earlier investigations, 
tomato varieties having a heavy fruit to leaf ratio defoliated earlier than those with a 
high leaf to fruit ratio. The leaves a]»peared to become susceptible to attack by the 
imthogon as the nutrients were drained from the h*aves by the rapidly developing fruits. 
In 1944 and again in 1945 attempts were made to supply tin* roots of the test plants with 
an t*xce8S of N, P, and K 8(» that a higher level of these nutrients could be maintuined 
ill the loaves during the fruiting ]>eriod. 'Fhe New Hampshire Victor tomato variety Avas 
used, as it fruits abundantly and defoliates s« vmely. Inorganic mitrieiits of N, P, and K 
wore added to the soil at the base of each jdant, about 6 iiicjit‘s dee}), when the plants were 
s(‘t in the lield from 3-inch ]»()ts. The tests were arranged in randomized blocks Avith Im* 
replications ]»er treatment. In one block ammoiiium nitrate, calciiiiii ev.^nide, ammonium 
sulphate, sodium nitrate, and Pramon (urea'f Avere used as N sources and applied at the 
rate of 1(M> pounds of N }»er aer^* plus P^O-., 75 pounds, and KoO, 45 pounds per acre. In 
other tests the N-P-K ratios Avere varied from 0-2-1.75 to 4-2-1.25, the nitrogen varying 
from 0 to 17, 35, 70, :iml 140 pounds ]»er acre, Avith P ami K remaining as giAvu aboAH*. 
In further tests the total pounds of N, P, K per acre were varied. In general, there Avas 
an increase in the total fruits per plant with increases in nutrients applied. As a result, 
the high fruit to leaf ratio Avas maintained, and defoli.'.tion Avas as lieaA'y on these as on 
the chocks. Although abundant soil nutrients Avere available, a limited iiuinber of tissue 
tests did not reveal increases for X, P, or K in the loaf petioles. 

Control of Aliernaria Jilight on Tonutlois with FiingieUhs, Ru iiards, M. C., and 
R. C. Jones. Six applications for each of eighteen fungicide treatments were made dur¬ 
ing the 1945 season on NeAv Hampshire Victor tomatoes to control Alternaria solani. 
Single hill units with ten replicates for each treatment usml were arranged in a random¬ 
ized block. The concentrations of the materials used and their effect on control of <lefoli- 
ation were as follows: Hithane (disodium ethylene bisdithiocarbamate) (i-lOO+ZnSO* 
and lime**), Puratized (phenyl meveuri triethanol ammonium lactate) (1-20,000**), 
Bordeaux (3-3-50**), Zerlate (zinc dimethyldithiocarbamate) (2-100**), Copper oxy¬ 
chloride sulphate (6-100**), Phygon (2.3-dichloro-l,4-naphthoquinone) (1-100**), Fer¬ 
mat e Dust (ferric diinetliyldithiocarbamtac) (10-90*), Tribnsic CuS 04 (3-100*), Ppergoii 
(tetrachloro-para-benzoquinoue) (1-100* Feriiiatc + DDT (2-0.6-100), Fermate (2— 
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100), Fermate (1-100), Fermate Dust + DDT (10-3-87), Bismuth subsalicylate (li-100), 
Fermate (1-100) + sticker, Q15 (lauryl isoquinolinium bromide) (i—100), No Fungicide. 
Average weights in pounds of marketable fruit per plant for each treatment were; Zerlate 
(8.20**), Puratized (7.93**), Phygon (7.70**), Fermate 2-100 (7.47**), Tribasic CuSO^ 
(7..34**), Fermate 1-100 (7.09*), Bismuth subsalicylate (0.30*), Fermate 1-100 + sticker 
(6.00*), Bithane (6.00*), Fermate Dust (6.00*), Fermate + DDT (5.80), C.O.C.S. (5.67), 
Bordeaux (5.50), Fermate Dust f DDT (5.30), No Fungicide (5.00), Spergon (4.80), 
Q15 (3.98). None of the fungicides prevented eventual complete defoliation by Altrr- 
naria. Definite injury to foliage was noted with Dithane, and stunting of the ])lants was 
indicated with Bordeaux and Copper oxychloride sulphate. 

** Highly significant (99: 1). 

•Significant (19: 1), better than ‘‘No Fungicide. 

The Incidence of Common Scab on Green Mountain Potatoes in Soils at Different 
pH Levels, Steinmetz, F. H. A field which had beenl'in sod for a number of years was 
fall plowed and laid out into plots to which agricultural lime and finely divided sulphur 
wore applied in order to establish ])lot8 with calculated pH levels as follows: 4.5, 5.0, 5.5, 
6.0, 6.5. The 4.5 pll series received 2000 pounds of sulphur ])er acre, the 5.0 pll series 
received 1000 pounds. The 5.5 pTI series was not treated because the soil approximated 
this pH level. The 6.0 pH series received 2000 pounds of calcium carbonate per acre, 
while the 6.5 pH series received 4000 pounds. One series of these treated plots received 
600 pounds of sulphur ])er acre. The amendments were applied only once, in the spring 
before planting the initial potato cro]>. The potato crop failed the first year on the plots 
receiving 2000 pounds of sulphur and was suppressed on the plots which received 1000 
pounds. After the second potato crop the suppressing effect of sulphur was not marked. 
The plots which received the 600-pound rate of sulphur produced good yields of scab-free 
potatoes each year. During the first crop year none of the plots produced scabby pota¬ 
toes. After 10 year.s, the increase of scab was in direct relation to the increase in pTI 
level above 5.5. At present the plots with the original pll levels .adjusted to 6.0 and 6.5 
produce nonmarketable scabby potatoes. 

Soil Applications of Oxyguinolin Jtenzoate for the Control of Foliage Wilting in 
Elms Caused by Graphium tilnii. Stoddard, K, M. Elm trees, 1.5 inches D.B.H., were 
treated in lots of 10 trees each with an a<|neous solution of oxyquinolin t>enzoate in con¬ 
centrations of 0,1, 0.05, 0.025, and 0.012»5 per cent at the rate of 10 gallons per tree, 
applied to the soil. Each concentration was applied as a single application of 10 gallons 
and 5 applications of 2 gallons each on altiumate days for 10 days. Duplicate series (»f 
applications were made 10 days before and 10 days after inoculation of the trees with 
Graphium ulmi, A concentration of 0.1 per cent reduced the trees that wilted to 27.5 
per cent as compared to 73.4 per cent on the checks. IMots treated with this concentra¬ 
tion uniformly had fewest trees wilting and the least wilting per tree, irrespective of 
manner or time of treatment. The plots treated with a single dose at all concentrations 
had more trees wilting and less wilting per tree than plots treated with multiple doses. 
There was no difference between plots treated before and ;ifter inoculation, either in 
number of trees wilting or the amount of wilting per tree. From the fact that Graphium 
ulmi was isolated from an approximately eqv.al number of trees in all the treatments and 
the checks, it is suggested that the effect of the oxyquinolin benzoate was due to anti- 
doting of the fungus toxin causing the wilting and Avas not due to fungicidal action. 

Glyoxalidine Derivatives as Foliage Fungicides: Laboratory Studies. Well¬ 
man, R. H., a.nd S. E. A, McCallan. The glyoxalidine or imidazoline nucleus is: 
HN-CH=N-CH 2 -Cira. »Sixty-fiA’e glyoxalidines containing substituents in tlie 1- or 2- 


positiojis were examined. In laboratory slide-germination tests, maximum fungistatic 
action is achieved with glyoxalidines having a straight chain substituent containing 13 to 
17 carbon atoms in the 2- position. Substituents in the 1- position such as hydroxyethyl, 
amiiioethyl, or butyl do not markedly affect fungistatic action. The various glyoxalidines 
are removed from solution by spores (or cJiarcoal) in amounts proportional to their fungi¬ 
static action. Their action is fungistatic and not fungicidal. Addition of oil or lead 
.ywnate increases fimgiatatic action in laboratory tests. The 2-heptadecyl glyoxalidine 
is inherently tonacdoiis in thin films on glass slides. In greenhouse experiments maximum 
phytotoxicity is reached with the 11 carbon atom side-chain in the 2- position. The ratio, 
highest concentration giving no plant injury over LD50, for 1-hvdroxyethyl 2 undeeyl 
glyoxalidine is 33.5; for 1-hydroxyethyl 2 heptadocyl glyoxalidine it Is 1450. Side chain 
UJisaiuration increases phytotoxicity as does increasing length of chain in the 1- position. 
Quaternary-ammonium addition compounds were as fungistatic and were more phytotoxie 
and less water soluble than parent compounds. These materials were idiytotoxic to toma- 
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toes at concentrations which would not control late blight, and they were moderately 
effective against snapdragon rust though not phytotoxic. 

Glyoxalidine BerivaUvca as Foliage Fungicides: Field Studies. Thurston, H. W., 
Jr., and J. B. Harry. The following compounds: 2‘hoptadecyl glyoxalidine (C.P.I. No. 
341), I hydroxyethyl 2-heptadecyl glyoxalidine (C.P.I. No. 337) and l-aminoethyl 2-hepta- 
deeyl glyoxalidine (C.P.I. No. 630) have been studied in the field for five years. Crops 
and diseases under observation included roses (black spot), potatoes (late blight), apples 
(scab and rust) and sour cherries (leaf spot). On roses, Nos. 337 and 341 were tested 
and gave only fair control of black spot. On potatoes, Nos. 337 and 341 were tested and 
failed to control late blight; the compounds probably were injurious; and potato yields 
were not equal to those from Bordeaux plots. On apples, all three of the glyoxalidines 
gave scab control equal to the standard lime-sulphur spray program. The glyoxalidines 
gave ’ess injury, especially to the foliage, and satisfactory color and finish to the fruit. 
The 2“heptadecyl glyoxalidine was compatible with lead arsenate, nicotine sulphate, and 
summer oil on apples and also controlled cedar-apple rust better than sulphur although 
not so well as Formate. Four years' consecutive trials in Pennsylvania showed 2-hepta¬ 
decyl glyoxalidine (341) to be superior to other fungicides tested, including 2-8-100 
Bordeaux, in controlling the defoliation of sour cherries (MontmorenejO caused by leaf- 
spot. Although this resulted in somewhat duller color, there was no reduction in size of 
fruit such as that brought about by Bordeaux. 



REPORT OF THE THIRD ANNUAL MEETING OF THE POTOMAC 
DIVISION OP THE AMERICAN PUYTOPATHOLOGICAL SOCIETY 

The third annual meeting of the Potomac Division of The American 
Phytopathological Society was held February 19 and 20,1946, at the Plant 
Industry Station, Beltsville, Maryland. Officers elected for 1946-47 were 
E. E. Clayton, President; V. F. Tapke, Vice-President; W. F. Jeffers, 
Secretary-Treasurer; and R. J. Haskell, Councilor. 

ABSTKACTS OF PAPERS PRESENTED AT THE THIRD ANNUAL MEETING 
OF THE POTOMAC DlVI^fSlON 

Soil Fumigation against the Golden Nematode. Chitwood, B. G. The product D-D 
api)ears to be the most eeouomical and i^ffective soil used against the golden 

nematode of potatoes. Hand application of D-D at 425, 850, and 1700 lbs. an acre gave 
fumigation efticacr of 0.999, 0.996, and 0.999, respectively, with odds of 99: 1 that treat¬ 
ments were better than 99, 98, and 99 per cent effective. Experimental plots were sur¬ 
rounded bv clean fields. Hand application of D-D at 425, 675, 850, and 1275 lbs. an acre 
gave efficacy of 0.974, 0.982, 0.985, and 0.989, respectively, with 99: 1 odds that treat¬ 
ments were better than 94, 95, 96, and 96 jier cent olTective. JMots were surrounded by 
infested holds. Machine-applied D-D at varied dosages per acre on 2 half-acre subplots 
per treatment gave the following efficacies: -452 lbs.—0.998 and 0.994 (better than 97 per 
cent); 031 lbs.—0.974 and 0.983 (better than 93 ]>er cent); 858 lbs.—0.928 and 0.986 
(better than 83 per cent) ; 930 lbs.—0.987 and 0.716 (second plot a failure) ; 1213 lbs.— 
0,991 and 0.973 (better than 93 per cent). Total overall efficacy was 0.938, with 99: 1 
odds that treatments were better than 86 per cent effective. There w^ere 15,255 females 
observed in controls, 953 in treatments; of the latter, 693 were in one subplot. Mecliaui- 
cal failure might explain the single exceptional subplot. 

Jerosol Treatments for the Control of Tobacco lilur Mold Disease, (^layton, E. E. 
Tht‘ benzyl salicvlatci-cottonseed oil blue-mold spray has beeu a<lapt(*d to th(» aerosol type 
of treatment and used successfully 2 years. The concentrate us(*d'w'as benzyl salicylate 
4 ounces and cottonseed oil 1 gallon. By one method cartridges were loaded wdth 40 per 
cent concentrate and 60 per cent Freon. By another m(‘thod small high pressure sprayers 
were loaded ^Yith a mixture of 43 per cent concentrate and 57 per cent acetone. Air 
pressure in the sprayer was adjusted to abou+ 110 pounds. The rate of application w^as 
controlled by regulation of the spraying time. Small plants received 6 minutes spraying 
per TOO s<|uare yards and large ])bints up to 14 minutes. Excellent blue-mold control Was 
secured. 

Tobacco Besistant to Boot Knot and Nemotodc Boot Bof, Clayton^, E. E., and 
T. W. OEAHtM. Root knot {Heterodera marioni and nematode root rot {Pratylenehus 
sp.) are common and serious tobacco diseases through the hue-cured region of the South¬ 
east. Search ffu* resistance yielded one collection, T.I. 706, from which genotypes wa*ro 
selected that were highly resistant to both root knot and nematode root rot. This resis¬ 
tance has been consistent under thb most severe field conditions in widtily scattered loca¬ 
tions. The full resistance was recovered after a cross with susceptible tobacco and after 
Ist and 2iid hack crosses. Studies of back-cross lines showed segregation in all F, lin(‘s, 
but some F* lines were homozygous for resistance. Homozygous and V\. lines luive been 
s<MMived for the 2ud back cross that appeared slightly more resistant to both root knot 
and nematode root rot than the original selection, T.I. 706. 

Strawberry Virus in Basfern United States, Dkmaree, J. B. Preliminary studies 
indicate the presence of a virus disease of the yellows type in strawberries in Eastern 
United States. * Distribution and prevalence have not been fully determined. There is 
some vein-clearing as well as a chlorosis of a transitorj' character in some varieties, 
appearing (if at all) in spring and fall, but the most pronounced and constant symptom 
is dwjirfing due to short and horizontal growth of the petioles. Some varieties appear 
to be symptomlesa carriers. Artificial transmission by the stolon-grafting method in the 
greenhouse has been used during the past 3 years with a few eastern named and nameless 
varieties. The variety Marshall has proved satisfactory as an indexing plant. 

Bait of Spread of Blueberry Stunt in a North Carolina Field. Demaree J. B The 
rate of spread of stunt (a virus disease) of blueberries varies greatly in different sections 
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and in fields in tlie same section. Its natural rate of spread is moderate to rapid in New 
Jertwiy, very rapid in some fields in North Carolina^ and low to nil in MaasacliuHctts, 
Michigan, and New York. Kate of dissemination in fields is undoubtedly associated with 
the presence and abundance of a vector. A part of a rectangular blueberry field (con¬ 
sisting of 10,000 plants set in 19:i6) was surveyed for 4 consecutive years for rat(* of 
spread of the disease. In lieu of surveying the entire field, 3 widely separated 10-i-ow 
blocks of 600 bushes each were selected for surveying and designated as blocks 1, 2, and 3. 
Klock 1 was laid out across the field near one end, block 2 was a section across the niiddh^ 
of the field, and block 3 was across the opposite end. Bate of spread of the disease in 
the 3 blocks from 1942 to 1945, inclusive, as indicated by percentages of affected plants, 
was as follows: i-~1942, 9.0; 1943, 23.3; 1944, 31.7; and 1945, 47. BlocJc .s?—1942, 

4.7; 1943, 13.7; 1944, 23.7; and 1945, 47. Block 1942, 0.7; 1943, 1.5; 1944, 3.3; and 
1945, 7.8. A few infected bushes were known as early as 1940 in block 1. The diseaw^ 
8))road rapidly in that end of the field, and now nearly 50 per cent of the plants oven* at 
least half of the field are affected. After 6 years it has also become well established 
at the opposite end, a distance of about 200 yards. 

Occurrrnrr of a tSirain of Tobaceo-Etrh Virus on Sweet Peppers in the Field, Doo¬ 
little, 8 . P. Sweet pe|)peTs in Maryland and New Jersey occasionally have a virus 
infection which mottles the young leaves with small ring markings. Older h*aves may 
have large, necrotic rings and eventually drop. Fruits of such plants often have large, 
concentric ring patterns and drop before maturity. These symptoms are largely confined 
to strains of the variety California Wonder and seldom appear on W^orld Beater. A strain 
of tobacco-etch virus has been present in such plants. Inoculations with this virus alone, 
or in combination with the ordinary tobacco-mosaic virus or the cucumber-mosaic virus, 
have not produced ring markings of the fruit or leaves, although etch virus alone has pro¬ 
duced leaf mottling similar to that seen in the field. When peppers are inoculated wdth 
both the etch and the tobacco-mosaic viruses, however, the leaf-mottling resembles that of 
etch virus alone, but there is severe defoliation of the plants. Fruits yellow and shrivel 
and have small, raised areas that produce a pebbled appearance. Fruit symptoms a))pear 
on California Wonder but rarely on World Beater. A disease of this type has caused 
serious losses in the field. With the combined infection, the defoliation has been more 
rapid than that sometimes caused by tobacco mosaic alone, and, while the latter virus 
occasionally causes some y<*llowing and shriveling of the fruit, the fruit symptoms caused 
by the combined infection have been more consistently severe and of a typical character. 

Hijjh Besisinnre 1o Common Toboeeo Mosaic in Certain Lines of Lycopersicon hirsn- 
turn. Doolittle, 8. F., W. 8. Porte, and F. H. Hkeouer. The wild tomato species, 
Lycopersicon hirsuium Jlunib. and Bonpl., is very tolerant of both yellow and green 
strains of the common tobacco mosaic virus. The majority of plants inoculated have no 
symptoms, but virus is ]ir<‘8eiit in such plants in varying and fairly high concentrations. 
In 1941, however, two plants without symptoms when inoculated with a yellow strain of 
the virus, were found to be virus-free when tested by inoculations on Nicotiana plutinosa, 
IhirthcT inoculations jirodueed no infection and cuttings from the plants have been carried 
as clonal lines. Continued inoculations, chiefly with yellow strains of the virus, have pro¬ 
duced no infection in any of the 38 cuttings of one line tested during the past 4 years. 
All plants wc;re young and growing vigorously and often were inoculated more than once. 
In the second line, 6 of 42 cuttings have had a trace of virus after inoculation but inocu¬ 
lations of the remaining xilaiits failed to cause infection. Owing to difliculty in securing 
seed from L. hirsuium, trials with seedling progenies of these lines have been limited, 
but 21 of 58 seedlings testetl have had no infection. Crosses between these lines and 
varieties of the cultivated tomato have yielded tolerant individuals, but none have lia<l 
the high resistance of the wild parents. 

Factorial Studies on Vithanc Plus Zinc Svlphate-Limc: the **I{raetion Product'* 
{Zinc Ethylene Bisdithiocarbamalc). Heitberger, J. W. In 1943 the addition of zinc 
sulphate and lime to Dithano (disodium ethylene bisdithiocarbamate) increased the con¬ 
trol of potato early blight from 5 to 90 per cent and increased yield from 154 to 220 bu. 
an acre. Factorial 8tudi(*s in 1944 on potato early blight showed that the addition of 
lime alone to Dithane did not increase control, that the addition of zinc sulphate alone 
markedly increased control, and that the addition of both zinc sulphate and lime was 
slightly less effective than adding zinc sulphate alone. This result suggested the prepa¬ 
ration of the reaction product of Dithanc'-ziiic sulphate, a white flocculate, as a dry 
powder, ftuch a pre]>aratioii was made, at the writer ^s request, by the Rohm and Haas 
Company in 1945. The flocculate was filtered, dried, and brushed through a fine-mesh 
screen. Control of potato early blight in 1945 was: Check, 0 per cent; Dithane, 35; 
Dithane plus zinc sulphate, 87; Dithane plus lime, 15; Dithane plus zinc sulphate-lime, 
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80; Beaction Product powder, 87. Yields were, res]icttively: 76, 93, 156, 1()]|, 157, Mid 
178 bu. an acre; yield w'itli Bordeaux w'as 135 bn. an acre. No injury was observed from 
the Reaction Product powder, which, chemically, is zinc ethylene liisdithiocarbamate. 

Apparatus and Small Seale Field Plot Uesipn for Kraliialinff Fungicides on Vege¬ 
tables. JTeubergkr, J. W., and T. F. Manns. The pathologist who deals with field 
screening of luiujorous potential fungicides is faced with two jiroblems: (1) the most 
efficient apparatus and (2) the most economical plot design. Where 50 or more com¬ 
pounds are evaluated in replicated, randomized block designs it is obvious that com¬ 
mercial sprayers or dusters require too large a plot size; knapsack sprayers and dusters 
recpiire too high a labor output. Apparatus and jdot design used in Delaware is as 
follows: A 3i-gallon-per-uiimite pump, 0 ]>€»rated by a small air-cooled motor, is mounted 
on skids. This is transported in a two-wheel trailer of sufficient size to carry 500 ft. spray 
hose, 500 ft. garden hose, five 15-gallon barrels, spray booms, etc. Sprays are mi.xe<l in 
15-gallon barrels; as one is sprayed out the other is pre]>arod. Spraying is done with a 
liand boom liaving 2 nozzles on top and two at tln^ sides. Plots are laid out in a long 
rectangle having oue block on each side of a centelf driveway, and each block is divided, 
thus making 4 replicates. Keplicate size is 20 idaiits for potatoes and 13 plants for 
tomatoes. The apparatus and ]»lot design permit application per hour of 12 to 16 treat¬ 
ments on jmtatoes and 8 to 10 on tomatoes. 


Jnv( sligalions on the ro.ssible Grou'th Jtegulaiing Fffee! of Several Fungie 'tdos. 
.Tr:'’FEKS, Wauter F. Tu the course of testing fungicides as dips for seed sweet potatoes 
it w.Ms observed that several luaterinlK caused a significant increase, over uoiitrealed roots, 
in the number of sprouts produced, even when disease control was apparently not a 
factor. To test the jiossibility that some fungicides have a stimulatory effect on plant 
growth, several experiments on the apidication of such materials tf» b<‘an plants were 
conducted. Hjjergon (tetrachloro paralumzoquinone) was the only material, which when 
applied either in lanolin or darbow’ax 1500 to the steins of beans, consistently gave posi¬ 
tive curvatures. This curvature was very slight as comjiarcd with that jirodneed by indole 
acetic, acid and 2-4-dichloro ph<*iioxyacetic acid. Several fungicidal materials wt*re toxic 
wlien applied in the above manner; 1 milligram being the amount applied. As bean 
]>lants wen^ not entirely satisfactory for this study, pieces of sw(‘et potato were dipped 
in Spergon and in water and incubated for 9 days at room tenqierature. S}>ergoti stiniu 
lated root giowth and cell proliforutiou. 


Jlegioual Differences in Jie.^}slanee. of Ifevea SelevHon.^ to South American Leaf 
JtUglit. TiANO’OKD, M. U. Ifevea rubber seedlings and clones assionblod from nianv 



tat of Jlerea liave been grown under comparable expW,re t«» blight in regional test plots 
ill Costa Rica, I’anama, Trinidad, Brazil, and IVrii. Lik<*wise, large populations of Jleve-i 
seedlings from jungle tribes have been tested at the place of their origin and in other 
areas. Both clones and seedlings that Jiave proved highly susceptible in some areas have 
been damaged slightly or not at all in certain other areas. Prolonged exjmsiire however 
has brought many cases of increased disease seventy as variants of the fungus ainieared' 
Some clones linve proved highly susceptilde to practically all regional puiiulations of the 
fungus, others have been susceptible to certain variants only, and stiU others—now 
n‘conimended for commercial use—have been highly resistant in’all areas. 

Golden Kematodc on (^omiun'clal Polaloe.^. Mmiimer, J. TT. Fxaminalion of 
giaded tubers and accompanying soil from Jmavily infested fields has shown that such 
jmtatoes as prepared for shji>ping may contain up to 379,500 golden nematod(‘ evsts ixu' 
carload. Attenipts to elimiiiate cysts in adherent soil andVttadmd to tnbe^ by 
nation of dry brushing and washing, succeeded in removing 86 per cent of the evsN 
Jet-washing tested m a preliminary way removed 90 per cent .f the cysts A higher 
percentage reduction in cysts by jet washing might be obtained with improved technic. 

Whai lx Net ffecroxix of Vofalo? Manns T J*’ Rdvu.. ^ 

many time* ia tlu- tral a.i.l KaHtorn Stat,.; l,y tla- writor flu ril.B S 
.!5 years .’ining ..easoas ot leafLoppPr injury. Pathologists in northwn potato- 

SAHid-gromiig stalos associate la-t necrosm with h«vf roll, though thev state these^svmo 
toms are, not .n the fin.a stages of leaf roll. Appel and Ort,m, W?A?, stated that 
necrosis was not a rehable syiapton. of leaf roll. Entomologists, as far as 1 knowfhavo 
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never jissoeinted net iiecnmw with leaf ho|>|K‘r injury, lleeently Scverin ha« shown that 
SI liop])er may produce neerosis in beet with no vims'present. In 1945 in a eonipatil»ility 
test of DDT with other sprays, two varieties of ])otato, Ool>bler and Sebago, wore novtliern 
grcmi and certified; two varieties, Green Mountain and l*ontiac, wore Delaware growji 
and 50 p(*r cent of tul»ers had severe net necrosis. An experiment incJiidc'd four sprays 
with (a) DDT, (b) DDT ])lu8 calcium arsenate, and (c) nnsprayed. The yield from the 
DDT plot w’as double that from the unsprayed plot. No leaf roll developed iit the ])ota 
toes affected with net necrosis, fortunately no fungus disease complicated the picture. 
Ijcafhoppers reduced the j’ield 50 j)er cent and net necrosis developed rapidly on the 
nnsprayed potatoes in storage. The evidence is that net necrosis is Jeafhoi>per injury. 

The JUffevt of Fmiffichhft and Growth Suhstancea on Eantcr Lilif Bnlh Production in 
the Field. M(’Clei.lan, W. J)., and Neil W. Stuart. In August, 1944, ills Easter 
lily bulbs (U.S.D.A. Clone 0, which is relatively resistant to Fuwirium basal rot), aver¬ 
aging 8.0 inches in circumference, were scaled and tin? wales treated with talc, Aras:in 
(tetramethyl thiuram disulfide), or Fermatc (ferric dimethyl dithiocarbamate), alone or 
coiilaining 0.1 or 0.02 per cent of naphthaleneacetic acid (NA). The scales were planted 
in a 3 by 3 factorial in 5 bulb units in 7 randomized blocks in the field at lieltsvillc, 
Maryland. The bulbs were from 3 sources: (1) forced in Haydite in subirrigated beds; 
(2) forced in soil in pots; and (3) grown continuously in the field. In August, 1945, the 
bulbs Avere harvested, graded, count<‘d, and weighed. There were no significant differ¬ 
ences in the amount of basal rot b(*tween treatments. IJoAvever, the greatest amount of 
basal rot occurr<‘d in those bulbs having the Haydite history (1), less in those with the 
greenhouse ])ot history (2), and none in those with the field history (3). Numbers of 
bulbs produced per 100 scales were as follows: talc, 393; 1 : 1000 NA-talc, 309; 1: 5000 
\A-talc, .'irO; Arasau, 513; 1 : 1000 NA-Arasan, 538; 1 : 5000 NA-Arasan, 418; Ferniate, 
488; 1: 1000 NA’F<'rinate, 515; 1:5000 NA-Fcrinate, 450. Differences between treat¬ 
ments w<Te greati‘st with th(‘ Haydite-history hiilhs (1> and least with the pot-history 
bnlhs (2). in 1943 and in 1944 Easter lily bulbs were treated \vith fungicides and 
combinations of fungicides with growth substances (10 <rifferent treatments in 1943 and 
17 in 1944), but when the bulbs were harve.sted no one t)f‘atnu‘nt could be rated as 
superior to the untreated controls. 

The Effect of Ftntfjicidedirowth-Snbstance Combinations on Herbaceous Cuttinffs. 
j\r<H3.KLLAN, W. D., and Neil \V. Stuart. In an attempt to reduce losses due to rot, 
with fungicides, cuttings of g<*raniurii, snapdragon, chrysanthennim, and carnation were 
set in sand after dif)]>ing in dry talc, Spergori (tetrachloro parabonzoquinone), Arasan 
(tetramethyl thiuram disulfide), and J'hygon (2,3-djehloro-l,4-napthoquinone) alone or 
containing 0,1, 0.04 or 0,02 per cent of naphtlialeneacetic acid, naphthalene acetamide, or 
indolebutyric acid. 1’he three* fungicides reduced the percentage of rooting in all specii'S 
except geranium, riidiluted Arasaii severely injured chrysanthemum but not carnation 
<-uttings. Sjiergoii, however, was not injurious to chrysjiiitlnmium but severely injured 
carnation cuttings. Inclusion of 0.1 j)er cent of the groAvth substances in the fungicides 
increased ])ere(*ntage of rooting in tetraph»id snapdragons ami in (me variety of chry- 
santhonium (jottings. Jii general naf»hthaleneacetic acid Avas the must effectiv** of the 
growth substances. In other tests, dilution of Arasan and Permate with tale (dilutions 
containing 1 to 20 per cent fungicide) i)rcveiited reduction in per(*ditagt‘ of rooting of 
chrysaiithemnm and gerajiiuin cuttings. Addition of growth substances to the talc-fungi- 
cido mixtures increased the j>erceiitage and amount of rooting. Undiluted Permate, Sper- 
goii, and Arasan used on poinsettia cuttings produced rooting and vigor ratings of 177, 
139, ami 107, respectively, as compared Avith 150 for talc. There was an insufficient 
amount of cutting rot in any of the tests to ]K‘rmit any crnclusions as to the fungicidal 
value of the* materials. 

Golden Nematode as a Quarantine Prohiem. McUubbin, M’. A. In 1944 a survey of 
]>otato fields in 19 northeastern States indicated that this potato root parasite is probably 
not long or widely established elsewhere than in JiOiig Island. In 1945 intensive survey 
in all Dong Island pota 'a ureas disclosed no infestation except in 5 additional farms in 
the infested area environs. A quarantine established by the State of New York in 
March, 1944, and revised Pebniary 15, 1940, controls outward moveimmt of nur8(*ry stock, 
rooted plants, and topsoil, requires the cleaning of transported tools and impleim‘nls, and 
restricts potato shipment to New York City or to chip and starch plants. A plan now 
under discussion jiroposes to prohibit potato and root crop prodnetion on inf<*sted land 
and give it a D-D treatment to minimize spread. Prospects for successfully dealing with 
this pest in the years to come are uncertain. The nema may have been introdiiC(*d from 
abroad into other areas as A^et undiscovered; early potato shipments from infested Ijong 
Island farms may already have carried this post elsewhere; and, finally, no known method 
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of survey can detect small, incipient outbrcalcs except by eliance, so that new centers may 
remain undiscovered until well developed. 

Progress on Tropioal American Mubher Planting Through Disease, Control, Hands, 
B. I). Since 3940 the U. S. Department of Agriculture has conducted cooiierative research 
and furnished technical guidance to 33 tropical American "Republics interested in rubber 
planting. Control of leaf blight (DoihideAla vlei) by spraying, as developed by Lang¬ 
ford, and by crown budding with resistant Pord selections has removed the main obstacle 
which in the past nullified all attempts to establish tropical American plantations. ^ These 
effective and economical procedures have enabled immediate use of the highest yielding 
Oriental clones, all of which are very susceptible to leaf blight. Commercial planting has 
now emerged from the nursery stage in several of the countries, and to the end of 3944, 
more than 28,000 acr<»s of liigh-yielding rubber had been established. Development of a 
permanent, self-sustaining, small-farm or single-family ty])c of rubber production is 
omphasixed. This has required adjustment of local farif credit, coloimation and other 
programs of the cooperating governments, which together with their nationals have 
reported total expenditures through 1945 of about $3,844,000 on their rubber projects. 
While the planting of crown-budded Oriental clones has proce(»dod, a cooperative breeding 
program has furnished thousands of first and second generation hybrids, some of which 
have given indication of combining superior yield with blight resistance. 

Effect of Seed Treatment on Soybeans Germinated at Four Temperatures, SiiERWiN, 
TIki.en 8., (\ L. liEKKBVBK, and R. W. JjEukkl. Seedling emergence of soybeans was 
significantly increased when the seed was treated with Arasan (tetramethyl thiuram disul¬ 
fide), New Improved (Jeresjui (ethyl mercury phosphate), and Spergoii (tetrachloro ]>ara 
ben/-oquinone), and x)lant(‘d in soil maintained at 15°, 20°, and 25° At 30° C., however, 
there was no significant increase in emergence. The soil in all c.a8i‘s was adjusted to 55 
per cent water holding capacity. In the 12 seed lots tested, greater improvement in emer¬ 
gence was obtained from the treatment of seed that was produced in Mississippi than 
from similar treatment of seed produced in Illinois, Seed lots having low germination 
se(nned to be benefited more by Arasan and New Improved Oeresan than by Spergon. 

The Vresent Status of Breeding for Disease Itrsisiance in Oats, Stanton, T. R. 
3"lie most important new disease-resistant varictuis have been developed by crossing Rich¬ 
land on Victoria, resulting in Vicland, Tama, and similar varieties, growm on about 
25,000,000 acres in 1945. Jjcss important groups of disease-resistant winter oats have 
been developed by crossing h'ulghuin, Nortex, and Lee on Victoria and by crossing h^ulton 
tyi)e early red spring oats and Victoria-Richland selections. New varieties develope<l 
from crosses on !Bond with })etter resistance to crown and stem rusts, greater productive¬ 
ness, higher test weight, and stiffer straw are being released. These inelude Clinton and 
Benton in Iowa, Indiana, and Illinois; Honda and Miiido in Minnesotu; and JiSaton in 
Michigan. Forvic [Forward x (Victoria-Richland)] is a projuisirig new disease-resistant 
variety in Wisconsin. Threatening new' or uncommon races of smuts, rusts, and other 
diseases are becoming important, such as: Races of smut that are virulent on Victoria, 
Boone, Vicland, liCtoria; race 45 and similar races of crown rust that infect Bond, Clin¬ 
ton, and Benton; races 8 and 10 of stem rust; Delminthosporium diseases on recently 
distributed varieties; and oat virustj.s in the Southeastern Siatfs. Evidently, miieh yet 
reirialiiH to be done if all these diseases are to be more completely controlled bv breeding, 
(t^ooperative investigations between the Division of Cereal Crops and Disea^s, BureaTi 
of Plum Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis 
tratiou, U. S. Department of Agriculture and State Agricultural Experiment Stations.) 

Distribution, Host Bange, Character, and Signifieanre of the Golden Nematode as 
a Disease Agent. Stein i-R, <i. The golden nematode, Helerodera rostochiensis Wolleii- 
weber, occurs in Great Britain (including Ireland and dersey Island), Sweden, Denmark, 
sonu‘ northern and northwestern Provinces of Germany, and Jjong Island I7.8.A. It was 
known as potato dab or potato sick soil in Yorkshire around 3903; Zimmermaiin in Meck¬ 
lenburg first recognized a nematode as its cause (1913) and Wollenweber described it as 
a separate 8{>ecic8 (3923). It was first observed in Sweden in 3922; in the United State's 
in 1943. W^hite potato and tomato are the mam ho.'itB; certain solanacoous weeds also 
Atropa belladonna L. and Chenopodium album L., have been reported attacked. Tests 
by Ellenby showed some 50 tuber-forming South American species of Solanum invaded 
but generally to a lesser degree than white potato. Ji. rostochiensis lives sedentary on 
roo:s and tubers, the female transforms into a cyst remaining in the soil up to 30 years 
and e.outaiuijig viable eggs up to 8 years. This longevity of the cysts and the fact that 
tub'-’-s uf affected plants api)car healthy make it a particularly dangerous pest usually 
ufd rwognized before large infestations have been built up. Crops have beeii^ reduced 
fo less than seed. An attempt to eradicate it on Long Island is planned. 
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Seed Treatment of Castor Beans for the Control of Seedling Blight, Stevenson, 
E. C. SeedliBg diseases of castor beans caused pre-emergence and post-emergence blight 
or die-back; however, many affected plants which were not killed developed normally 
after the first true leaves were formed. In such plots the plants were later in maturing 
and the yield was reduced, but the quality of the seed was not affected. Seed treatment 
tests were made in 1943, 3944, and 3945. In 1943 the use of Semesan (hydroxymercuri- 
chlorophenol), New Improved Semesan Jr. (ethyl mercury phosphate), Spergon (tetra- 
chloro parabeuzoquinone), Arasan (tetramcthyl thiuramdisulfide), and Thiosan (tetra- 
methy] thiuramdisulfide) resulted in significantly better emergence. In 1944 and 1945 
Seniesaii and New Improved Semesan Jr. were dropped from the teat because of the 
shortage of mercurial compounds at that time. Arasan, Feniiate (ferric dimethyl dithio- 
carbamate), and Spergon were tested at Manhattan, Kansas, and Stillwater, Oklahoma, 
ill 1944, and at BeltsvilJc, Maryland, in 1944 and 1945. The use of Arasan improved 
emergence significantly at Manhattan, Kansas, but none of the treatments was effective 
at Stillwater, Oklahoma. (Very little disease was present in the Kansas-Oklahoma areas 
during the year of the test.) Emergence was improved significantly by all three treat¬ 
ments ill the tw'o-yenr test at Beltsville, Maryland. Arasan was more effective than either 
Spergon or Ferinate, the latter two not differing from one another statistically. Plant 
vigor and seed yield were not affected by any of the treatments. 

A Simple, Effective Method for Inoculating Barley Seed with Helminthosporium 
gramineum, Tapke, V. F. It has been difficult to develop a satisfactory simple method 
for the artificial inoculation of barley with the stripe fungus, B, gramineum. The fol¬ 
lowing new method is relatively easy to apply and has consistently resulted in high infec¬ 
tions with only small reductions in seed germination: The stripe fungus is grown on a 
nutrient broth in half-liter Erleiimeyer flasks for 10 days at room temperature, the 
mycelial pads are then fragmented in a hoinogcnizcr and applied in aqueous suspension 
for 15 minutes to seed that has been thoroughly dried following a 6-hour soak in water 
nt approximately 25’=' 0. During the first minute of the soak, the vessel containing the 
seed and inoculum is vigorously shaken. Next the inoculated seed is drained and incu¬ 
bated on moist blotters at 7” to 10® C. for 4 days, then dried at room temperature and 
sown. Through this method up to 300 per cent striped plants have been obtained in 
susceptible winter barleys grown in the field. 

Spread of the Dutch Elm Disease in Maryland. Wai.kkk, E. A. The Dutch Elm 
disease (CeratOn'iiomella vlmi) beeuiiie a serious menace to elm trees in Frederick County, 
Maryland, during 1944-45. The first diseased tree in Maryland was found at Ft. Mc¬ 
Henry, Baltimore, in 3933. An outbreak was checked at Brunswick, Frederick County, 
ill 3935, and near Cumberland, Allegany County, in 1936. No outbreaks have occurred 
ill Baltimore or Cumberland areas since 1941. A light outbreak was observed in 1943, 
on 8 trees in Frederick County. This increased to 29 diseased trees in 1944, and five 
cases wore reported for Carroll County. The elm bark beetle (Scolytus multistriatus) 
l»opula1ion increased greatly in 1944, and by 1946, 261 confirmed trees were found in 
Prederick (''oiinty; 5 in (Carroll, and 1 in Washington County. The disease is now con¬ 
fined mostly to the Monocacy River Valley, and its feeder streams. During 1944-45 State 
Ofticials removed and destroyed 101 diseased elm trees in Frederick County, 7 in Carroll 
Comity, and one in Washington Omnty; and 245 other bark-beetle infested, dead and 
dying elms in Frederick Comity; and 47 in Carroll County. Since 3933, 120 confirmed 
elm trees have been removed in Maryland. The wet 1945 season greatly reduced the elm 
bark beetle population in Maryland. 

Field Control of Bean Tiust with Sulfur. Zatmeykr, W. J. During the 1945 season 
bean rust in Pinto and Great Nortberii bean acreages was well controlled in Colorado, 
Wyoming, and IVIontana with sulfur dust applied at the rate of 20 to 25 pounds per acre. 
Tn the bean-growing sections of these States environmental conditions were ideal for the 
spread and development of rust. Early in the season infection is usually sparse and the 
control at this time is relatively simple, thus preventing secondary spread. In the 
Greeley, C^olorado, area one dusting applied by most growers in early July, before the 
plants covered the rows, practically eliminated the disease. In Wyoming only a small 
percentage of the fields were dusted. Fields dusted twice yielded on an average of 
1600-1800 ])ound8 of seed per acre while fields not dusted averaged from 800 to 1000 
]»ouiids. Tu the Bridgcr, Montana, section wlicre rust was widely distributed, 9 fields 
(totaling 330 acres) dusted twice averaged 2000 pounds of clean seed per acre. Eight 
fields (comprising 164 acres) dusted once averaged 1400 pounds, and 18 fields not dusted 
(totaling 364 acres) averaged 1016 pounds per acre. The best-producing, twice dusted 
field yielded 2369 pounds and the poorest of the nondiisted fields yielded 380 pounds of 
seed per a ere. 
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THE FIRST SYMPTOM OF TOMATO FUSARIUM WILT: 
CLEARING OF THE ULTIMATE VEINLETS 
IN THE LEAF 

B. E. Foster^ 

(Accepted for publication March 13, 1946) 

The later symptoms o.t* typical Fusarium wilt of the tomato, caused by 
Fusarium oxysporum f. lycopersici (Sacc.) S. & H., have been described by 
many workers since the disease was jSrst seen prior to 1895 (1, 4). The 
symptoms most commonly mentioned have been stunting, progressive yel¬ 
lowing and wilting of the leaves, wilting and collapse of the stem, and death 
of the plant, all accompanied hy an increased darkening of the vascular 
elements. Wellman (5) recently described epinasty as an early symptom 
of tomato wilt. A still earlier symptom of this disease has been seen 
repeatedly, and it is believed to be the first above-ground indication of 
infection of. the tomato by the wilt pathogen. 

This early symptom is a clearing of the ultimate veinlets in the lealTets 
of infected tomatoes giving them a ^‘netted’’ appearance (Fig. 1). It can 
be seen only when leaves are viewed with transmitted light. In a detailed 
study of 50 young tomato plants (4 to 6 leaves) inoculated with a virulent 
strain of the organism and held at optimum conditions for wilt development 
(optimum moisture, 28° C.) and observed at 12-hour intervals, it was noticed 
that veinlet clearing appeared on many plants 24 hours after dip- 
inoculation. Most often it was first evident in the terminal leaflet of the 
third leaf, after 86 hours appearing in the second and fourth leaves and later 
ill all of the leaves. Veinlets closest to the main veins became cleared first 
and the large veins themselves seemed to be outlined by a very narrow, 
cleared band. Occasionally, this clearing progressed more rapidly on one 
side of’the leaflet. The loss of green color soon progressed along all veinlets 
and later extended into the vein-islets” which, just previous to veinlet 
clearing, appeared to be a darker green. As the clearing spread from the 
veinlets, yellowed areas were formed in the leaf which later coalesced, giving 
rise to the ‘'y^l^ow-leaf ” symptom of the disease. Forty-eight hours after 
dip-inoculation veinlet clearing was present in all leaves. Unilateral inocu¬ 
lation of tomato plants with the fungus occasioned a unilateral development 
of this early symptom. Epinasty did not appear in any of the plants until 
72 hours after inoculation, and in most it was not evident until after 84 
hours. Veinlet clearing seems to be associated entirely with the effects of 
Fusarium oxysporum f. lycopersici on the tomato host. Noninoculated 
plants held under the same conditions did not have the veinlet clearing 
symptom. Repeated attempts to recover the organism from affected areas 
in the leaf 36 hours after inoculation were unsuccessful. Likewise, attempts 

1 The writer wishes to express his gratitude to Eugene Herrling for the preparation 
of the illustration. Investigation supported in part by a grant from the Wisconsin Alumni 
Bcsearch Foundation. 
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Fia. 1. Portions of terminal leaflets from (A) a healthy tomato plant, and (B) an 
inoeuiated tomato plant: x4. 
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to produce the symptom on healthy tomato and tobacco leaves by rubbing 
them with juice expressed from affected leaflets met with no success. Symp¬ 
toms identical to those described have not been seen in association with any 
other tomato diseases, although it is recognized that other vascular parasites 
might produce toxic materials which could bring about a similar effect. 

Clearing of the ultimate leaf veinlets of inoculated tomato plants has 
been observed in several host varieties and under various environal condi¬ 
tions. Bonny Best, Marglobe, Master Marglobe, and Rutgers (Lycopersicon 
escidentuni Mill.) varieties all showed the early symptom. However, the 
time interval between inoculation and first appearance of veinlet clearing 
varied with the relative resistance of the variety. It has not been found in 
a highly resistant strain of Red Currant tomato (L. pimpinellifolium Mill.) 
or in highly resistant hybrids. In inoculated susceptible plants grown under 
a wide range of environal conditions (3), the production of the veinlet- 
clearing symptom was not affected by soil moisture, soil temperature, air 
temperature, light (ionditions, or host nutrition, except in relation to time 
of appearance, as long as the particular environment permitted an ultimate 
development of tomato Fusarium wilt. The three strains of F, oxyspoi'nm 
f. lyco'persici tested brought about development of the early i^mptom. 
These three strains were (a) virulent, raised strain R 5-6, (b) mild, ap- 
pressed strain A 15-8, both obtained from F. L. Wellman (6), and (c) a 
strain of intermediate pathogenicity from J. B. Kendrick, California. The 
rapidity with which the netting symptom became evident varied with the 
pathogenicity of the fungus strain. 

Numerous attempts were made to produce the early, veinlet-clearing 
symptom in young plants placed in fungus extracts in a manner similar to 
that used oy Fisher (2). Young Bonny Best plants (5 to 6 leaves) were 
grown in soil, were dug, the roots were cut off under w'uter, and then tlie 
stems were placed in filter-sterilized Richard's nutrient in which the virulent 
strains of the Fusarium had been growing for different lengths of time. 
Veinlet-clearing symx)toms a}>peared only in plants placed in the medium 
from an agitated 28-hour culture. Media from older cultures produced 
yellowing and necrosis rapidly, without signs of veinlet clearing; younger 
cultures were not used. Water and Richard's solution controls produced 
no symptoms. 

Very early symptoms of tomato Fusarium wilt are of little importance 
in studying the disease as it occurs in the field, but such symptoms have 
been of considerable value in various controlled studies in the greenhouse 
and laboratory. Moreover, the rapid appearance of evidence o^ host- 
parasite interaction suggests a phase of disease developmen^t^at has 
received little consideration. It is widely accepted that the disease effects 
brought about by vascular fusarial infection are occasioned largely by toxin 
produced in the infected root and spread throughout the plant in the trans¬ 
piration stream. The appearance of a disease-induced effect in the upper 
portion of a plant only 24 hours after root inoculation indicates that toxin 
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is produced at the time of fungus penetration or very shortly thereafter, 
and certainly before the organism is well established within the host tissue. 
Whether the toxin causing veinlet clearing is produced by the fungus or by 
tiie plant in response to fungus action has not been shown definitely. How¬ 
ever, the former possibility seems the more likely in view of the fact that 
the same peculiar symptom can be induced by aseptic fungus extract. The 
observations presented seem to contribute to the theory that the disease 
reactions brought about by vascular Fusaria are conditioned by the forma¬ 
tion of more than one type of toxin depending upon the degree of parasite 
invasion and consequent host reaction. f 

Department of Plant Pathology, 

University op Wisconsin, 

Madison, Wisconsin. 
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BACTBEIAL LEAF SPOT AND BUD ROT OP ORCHIDS CAUSED BY 
PHYTOMONAS CATTLEYAE 

Peteb a. Ark and H. Earl Thomas 
(Accepted for publication April 26, 1946) 

A large number of orchid-growing establishments in California often 
sustain heavy losses from brown-spot disease in such valuable species as 
Cattlcya and Phalaenopsis. Microscopic examination of diseased specimens 
has always revealed the abundance of bacteria in advancing margins of the 
spots. In order to ascertain the causal agent of the disease a bacteriological 
study of the isolates was made. This paper presents the results of the in¬ 
vestigation as to the nature of the disease, the causal organism, and the 
method of control. 

Elliott (1) lists the following organisms as causal agents of disease in 
orchids: Bacillus cypripedii, Bacillus farnctianus. Bacillus pollacii. Bac¬ 
terium cattleyae, Bacterium Icrameriani, and Bacterium oncidii. These or¬ 
ganisms attack orchid leaves and i)seudo-bulbs, causing occasional death of 
the plants. Recently (3) a soft rot of Caitleya sp,, caused by Erwinia 
carolovora, was reported in the United States. 

* Erwinia carotovora was also reported as a i)alhogen on Phalaenopsis 
aphrodite in Japan (4) and Cymhidium aloifolium and C. insigne were suc¬ 
cessfully inoculated. The disease starts as water-soaked spots on the leaf 
blades, which become sunken and brown. The organisms enter the plant 
through wounds. Matsumoto and Okabc (4) presented evidence which indi¬ 
cates that the Bacillus cypripedii of llori (2) is very closely related to, if 
not identical wdth, E. carotovora. 

For a number of years the writers iiave studied a disease of orchids whi<*]i 
occurs in Phalaenopsis sp. and Cattlcya sp. and sometimes causes consider¬ 
able damage in orchid houses in the San Francisco Bay region. The disease 
is prevalent in greenhouses in which a high air humidity is maintained for 
considerable time and where the plants are syringed. A bacterial organism 
was isolated from the advancing margins of the lesions, proved pathogenic 
upon inoculation, and w^as readily reisolated. 

At first the disease expresses itself as small, dark, water-soaked spots, 
which rapidly increase in size, changing from light-brown to dark chestnut 
brown with age. These spote upon enlarging may coalesce to form larger 
areas (Fig. 1, A and B). Under favorable conditions of temperature and 
moisture the infection spreads rapidly and may attack the crown, sometimes 
killing the plant. The disease may be initiated through wounds, but the 
organism can apparently cause infection by direct penetration of uninjured 
leaves. 

Phalaenopsis sp, and Cattlcya sp, were infected under conditions which 
approximated those obtaining in commercial greenhouses. The following 
orchids were susceptible when artificially inoculated: Epidendrum o^brein- 
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Fig. 3. Bacterial leaf si)ot on Caiileya sp. A. Natural infection. B. Detail of a 
well advanced sunken 8i)Ot on ventral side of a leaf. 


ianum, Dntdrohiinu sp., (Ujpripedium sp., Phalacnopsis amahilis and Va¬ 
nilla. No in feet ion eon Id he obtained on Phuloftiopsis lucdettianniano. 

Four isolates of the orj»-anisni. tojretlier with four reisolates, were studied 
bacteriolojrieaily in order to aseertaiii the raxononiic positioTi of the causal 
ajreiit. All cultures.beliaved identically in the laboratory and had certain 
features ascribed to BaeillHs fartu tiapifs. Bacillus pollacii. Bacterium cat- 
tkyae, and Bacterium kramcriaui. However, as Elliott (1) pointed out, 
there is no certaintx that the w(»rh on these tour s]>ccies wa.s done with pure 
cultures. All "weie iinperK^cdly described, so tliat with lew excej)tions they 
would be interclian«reable (Table 1). 


TABLK i.—Comparison of rnlinrrs ran.Kinp orchid leaf spots aevordinq to Pavarino (5 


Bacterium cattleyae 

l!.4p, X 0.4- O.du 

Gram-negative 
White on agar 

Gelatin not liquefied 


Haci}lu.H 

farneiianus 

1.5^, X 0.8-1.0^ 

Graiu-poaitive 
Iridescent to gray¬ 
ish on agar 
Gelatin liquefied 


Bacterium 
I'ram '^riani 

2-3|ix0.6-0.8m. 
spore-forming 
Gram-nogalive 
Greenish on agar 

Gelatin liquefied 


Bacillus pollacii 
8— lOjA X l.Op, 

Gramnegative 
Greenish on agar 

Gelatin liquefied 
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A description of the organism causing the disease occurring in California 
is given below. This bacterium is probably the one which was described by 
Pavarino (5). as Bacterium (Phytomoms) cattleyae^ since all the characters 
of this organism, as indicated by Pavarino, including the symptoms of the 
disease, are in close agreement. 

Phytomoms cattleyae. Small, Gram-negative rods in stained smears of 
24-hour-old beef-extract-peptone-agar growth, single and in pairs; motile 
by means of one or tw^o iophotrichous flagellae; no spores as determined by 
staining and by heating to 60° C. for 20 minutes. 

On beef-extract-peptone agar of pH 6.9, at 28° C., growth is rapid, gray¬ 
ish-white with iridescence when examined by transmitted light. The con¬ 
sistency is butyrous. The colonies are large, entire, smooth, with criss-cross 
markings resembling fish scales. On potato-dextrose-peptone agar slants the 
growth is very rapid and dirty-gray. On potato plugs the growth is rapid 
and slimy, dark-gray. Beef-extract-peptone broth becomes very turbid 
within 24 hours with the formation of a very delicate pellicle which later 
drops to the bottom, leaving a rim of growth on the walls of a test tube. 
Good growth occurred in liquid synthetic media such as*, synthetic carbo¬ 
hydrate media of tJie Society of American Bacteriologists (6, p. 15), Fermi, 
Cohn, and TJschinsky. Starch is digested slowly. Gelatin is not liquefied 
even after thirty days. Hydrogen sulphide and indol are not i)roduced. 
titrates are reduced to nitrites. Both skimmed and litmus milk were un¬ 
changed when the cultures -were observed 3, 7, and 14 days after inoculation. 
Ammonia is produced in nutrient broth after 3 days, determined by the 
method of Hansen (7, p. 15). Acid and no gas is i)roduced in a synthetic 
carbohydrate medium of the Society of American Bacteriologists (6, p. 15) 
to which one per cent of arabinose, dextrose, dulcitol, galactose, glycerol, 
lactose, levulose, mannite, sucrose, or xylose was added and as an indicator 
0.5 cc. of a one per cent alcoholic solution of brom cresol purple and 0.4 cc. 
of a one per cent solution of cresol red to each liter of the medium and a 
Dunham fermentation vial (inverted) to each tube to detect gas. Neither 
acid nor gas was formed from raffinose. The optimum temperature for 
growth lies betwen 25° and 35° C. The thermal death point is 48° C. 

To obtain satisfactory control of the disease, badly diseased plants should 
be removed and individual spots on the leaves treated by carefully s\vabbing 
with a sponge soaked in 1 to 1000 corrosive sublimate (HgCh). No injury 
of the treated leaves was observed, either on Cattleya or PhaJacnopsis. A 
considerable reduction in the disease was obtained when the greenhouse 
humidity was decreased and overhead irrigation discontinued. 

summary 

1. A bacterial leaf spot and bud rot of Caitlcya sp. and Phalaenopsis sp. 
caused considerable damage in orchid houses in Central California. 
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2. The disease may be controlled by reducing the air humidity and by 
swabbing diseased plant parts with 1 to 1000 corrosive sublimate solution. 
Division op Plant Pathology, 

University of California, 

Berkeley, California. 
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SEEDLING DISEASE OF YELLOW CALLA, CAUSED BY 
CORTICIUM SOLANI, AND ITS CONTROL 

C. M. Tompkins and P. A. Aek 
(Accepted for publication May 23, 1946) 

INTRODUCTION 

A seedling disease of the yellow calla {Zantedeschia clliottiana Engler) 
has long been prevalent in field-planted seedbeds in and near Santa Cruz, 
California. Annual losses ranged from 25 per cent or more, with occasional 
complete failures. The results of field and laboratory studies of this disease 
during the past 5 years, with suggestions for control, are presented in this 
I)aper. 

SYMPTOMS OF THE DISEASE 

Yellow calla seedlings may become infected before or after emergence. 
The symptoms of the disease on the roots of infected plants consist of a dry, 
brownish-black discoloration of the cortical tissues, generally commencing at 
the tip of the roots and progressing toward tlie crown. Sometimes infection 
occurs above the tips of the roots. The cortex of infected roots soon shrivels 
and sloughs off, exposing the central cylinder. Seedlings infected before 
emergence are small and die very quickly. This phase of the disease can 
only be observed by digging into the soil just before the seedlings emerge, 
which usually occurs in from 4 to 6 weeks after sowing the seed. The post¬ 
emergence x)hase of the disease is equally destructive. Apparently healthy 
seedlings Avith 2 to 6 leaves may suddenly turn yellow, wilt, and collapse. 
Death ensues in a day or two and may affect single seedlings or a group of 
them in the same row. When removing diseased seedlings from the soil, 
little or no pressure is required. A third and equally important phase of 
the disease is rotting of the seed before germination; this is also an important 
factor in the reduction of stand. Rotting of the seed and seedling infection 
before and after emergence can usually be observed in any seedbed. How¬ 
ever, seasonal variations, coupled with unfavorable cultural practices, may 
accentuate the loss from seed decay or, on the other hand, seedling mortality 
(pro- or post-emergence) may be the most conspicuous feature of the disease. 

This disease occurs on Avidely different soil types, ranging from sandy 
and gravelly loams to heaAy clay, and is favored by excessive irrigation, poor 
drainage, Avarm weather, improperly prepared seed, mulching, and croAvding 
of the i)lants. 

THE CAUSAL FUNGUS 

Diseased yellow calla seedlings, showing different stages of root infection, 
Avere collected at Capitola and Santa Cruz each summer from 1941 to 1945, 
inclusive, for cultural tests in the laboratory. After washing the roots in 
tap, distilled, and sterile distilled water, followed by drying on clean filter 
paper, small bits of root tissue were planted on potato-dextrose agar in 
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Petri dishes. Isolations each year consistently yielded but 1 funj^ns which 
has been identified as the vegetative stage of Coriicium solani (Prill, and 
Del.) Bonrd. and Galz. Isolates were obtained from hyphal tips of the 
fnngns in Petri-dish cultures. Comparison of the isolates obtained each 
season from different seedbeds showed a remarkable similarity in macroscopic 
characters. 

The relation of temperature to growth of the mycelium was determined 
for 2 isolates of Coriicium solani, 1 from Capitola and 1 from Santa Cruz. 
The culture tubes (2.1 by 20 cm.) used and the procedure followed were 
those previously described by Tompkins and ^lardner.^ The medium used 
was potato-dextrose agar, jjII 5.8. Inoculated tubes were kept at room 
temperature for 24 hours. Then 3 tubes of each isolate were placed in a 
horizontal position in (controlled temperature chambers at intervals of 3°, 
from 4° to 40° C. The cultures were incubated for 96 hours. The cardinal 
temperatures were determined on the extent of mycelial growth in the 
(‘ulture tubes. 

The minimum temperature for growtli of the yellow-calla isolates of 
Coriivinni solani was approximately 7° C., the optimum 25° to 28°, and 
the maximum 37°. 


These isolates were also used in the infection experiments in the green¬ 
house. Inoculum was prepared by growing the isolates on sterilized, 
moistened cracked wdieat in 8-inch test tubes. When ready for use, the 
inoculum of either isolate Avas added to each of 6 jflats.of steam-sterilized, 
sandy-loam soil. After the soil and inoculum had been thoroughly mixed, 
the flats w^ere set aside for 1 week. Simultaneously, controls were j)repare(l 
by adding the same amount of sterilized cracked wheat to each of 4 flats of 
st(»am-sterilized soil. The soil in all flats was stirred and irrigated on al¬ 
ternate days before seeding. Each flat was planted at a depth of 1 inch wdth 
500 untreated yellow ealla seeds, obtained at Santa Cruz, at intervals of 4 
inch in the rowr, the rows being 1 inch apart. Prevailing greenhouse tem¬ 
peratures ranged from 14^ to 18° (j. After 5 w'eeks, seedlings appeared 
above ground in all flats. Disease was prevalent in all infested flats, as 
indicated by the yellow foliage, collapse of tlie seedlings, and skips in the 
row. In general, the symptoms on artificially-infected plants were identical 
with those ol naturally-intected plants. Infection counts w’cre made from 
the fifth to the ninth week, inclusive. The Capitola isolate caused a pre- 
emergence loss of 25 per cent and a post-emergence loss of 48 per cemt or a 
total of 73 per cent. The 8anta Vvuz isolate caused a pre-emergence l(’)ss of 
32 per cent aUd a post-enu^rgenee loss of 51 per cent, or a total of 83 per cent. 
All yellow, ealla seedlings in the control flats remained healthy for the 
duration of the tests. Tlie fungus was reisolated from 50 infected plants in 
each of the ijifested flats; the reisolates were identical with the original 
isolates. When reisolates of the Santa Cruz and Capitola isolates were 
tested, they proved highly pathogenic. 


1 Tompkins, C. M., and M. W. Gardner. Relation of temneratiire tn 
and cowpoH seedUngs by Bhizoetonia haiatirola. HUgardia^e: 2]9-230. ^193.™ ^ ^ 
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CONTROL OP THE DISEASE 

Since field studies at Capitola and Santa Cruz suggested that certain 
cultural methods and lack of seed treatment were important factors related 
to the high incidence of infection in yellow calla seedbeds, control was 
predicated on improving the cultural conditions in the beds and on treat¬ 
ment of the seeds with a suitable fungicide. 

Control experiments were conducted at Santa Cruz for 3 years. Briefly, 
the method of control was based on (1) thorough cleaning of the seed; (2) 
dusting the seed with an equal mixture of Spergoii (tetrachloro para- 
benzoqninone) and Celite 505 (an infusorial earth used as a carrier); (3) 
wider spacing of seeds to prevent subsequent crowding of seedlings in the 
beds; (4) avoidance of excessive irrigation; (5) frequent cultivation of the 
soil to provide good aeration; (6) selection of a well-drained site; and (7) 
elimination of organic soil mulches. 

Limited field tests, based on the foregoing procedure, were conducted in 
1942, resulting in almost perfect stands of seedlings. In the control seedbeds, 
handled according to prevailing commercial practice, seedling disease was as 
destructive as in previous years. Because of the ease of applying Spergon 
anl its effectiveness, no other fungicidal dusts were tested. In 1944 and 1945, 
the field tests were enlarged because more seed was available. Results were 
comparable with those obtained in 1942. The adoption of this method for 
controlling the disease in yellow-calla seedbeds has been recommended to the 
growers. 

DISCUSSION 

Improper processing of dried, yellow-calla spadices, in the fleshy pulp 
of whit'll the seeds are imbedded, yields unclean seeds, Le., the seeds are 
partially or entirel}’^ covered with a layer of dried pulp. After these seeds 
are planted and the beds irrigated, the pulp attached to the secdcoats 
readily absorbs moisture and conceivably becomes a moist chamber sur¬ 
rounding each individual seed. Thus the way is prepared for infection by 
the pathogen. To circumvent this condition, it is suggested that the spadices 
be crushed and washed in tap water. Then the viable seeds, which sink to 
the bottom of the container, should be washed at least 4 times, dried on (dean 
absorbent paper, and dusted wdth a fungicide, such as Spergon. 

Close planting of yellow calla seeds, long an established commercial 
practice, insures crowding and predisposes the young seedlings to heavy 
infection. It would be desirable to plant the seeds 1 to 2 inches apart in 
short row^s, the depth varying from IJ to 2 inches, wdth rows 6 inches apart. 

Daily irrigation of seedbeds is another common practice which favors the 
disease. Semi-weekly or weekly irrigation of the seedbeds would provide 
ample moisture for germination and growth and would aid in decreasing 
the amount of infection. The selection of a well-drained site is of paramount 
importance. 

Some growers cover their seedbeds to a depth of 1 or more inches with 
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organic materials, such as macerated coffee husks, in order to conserve the 
moisture. Mulches not only interfere with good soil aeration, but con¬ 
ceivably they serve as moist chambers for fungus invasion. Their use should 
be avoided. 

In late summer, in mature yellow calla plantings, the withering peduncles 
are unable to support the weight of the spadices, which lodge on the ground. 
Collections of spadices were made for 3 years in order to test the pulp and 
seeds in the laboratory for the presence of Corficmm solani. The fungus 
was never isolated from these plant parts. 

i 

SUMMARY 

A destructive seedling disease of yellow calla {Zantcdeschia fllioiiiana) 
is prevalent in commercial plantings in the Capitola-Santa Cruz section of 
(California. It is favored in its development and spread by warm weather, 
excessive moisture, poor soil drainage, the use of unclean, untreated seed, 
close planting of seed, and mulching. 

The principal symptoms of the disease consist of a brownish-black dis¬ 
coloration of the cortical tissues of the fibrous roots (before and after 
emergence), usually commencing at the tips and progressing toward the 
crown. Invaded tissues shrivel and slough off. Above ground, infected 
seedlings develop yellow leaves which wilt, collapse, and die. Rotting of 
the seed may also occur before germination. 

Cortiemm. solani (Prill, and Del.) Bourd. and Galz, has been consistently 
isolated from infected seedlings and has proved pathogenic in greenhouse 
tests. 

The minimum temperature for mycelial growth of the 2 isolates studied 
is 7° C., the optimum between 25'" and 28°, and the maximum 37°. 

The disease can be readily controlled by using clean seed treated with a 
suitable fungicide, such as Spergon, planting the seed at wider intervals in 
the seedbeds, avoiding excessive irrigation and mulching, selecting a well- 
drained site, and cultivating frecpicntly to provide good soil aeration. 

Division of Plant Pathology, 

University of Calii^ornia, 

Berkeley, California. 



THE EFFECTS OF CERTAIN NUTRIENT TREATMENTS UPON 
THE RESISTANCE OF COTTON TO FUSARIUM VASINFECTUM' 

W. B. Albert 2 
(Accepted for publication May 28, 1946) 

INTRODUCTION 

The resistance of certain crop plants to various pathogenic soil organisms 
can be affected by subjecting the host plants to nutritional conditions which 
influence the physiological responses of the plants. In a recent monograph, 
Garrett (3) has reviewed various aspects of this question in relation to root 
disease fungi. Wingard (34) has review^ed comprehensively the literature 
on general disease resistance in plants; and, more recently, Shear and 
Wingard (5) have suggested that the greater susceptibility of sweet corn to 
Phyiomonas siewartii when grown under conditions of inadequate potassium 
nutrition may be due to an accumulation in the conducting tissues of ni¬ 
trates which are favorable for growth of the parasitic bacteria and unfavor¬ 
able for rapid growth of the corn plant under conditions of potassium 
deficiency. 

The literature on the influence of nutrition on the wult resistance of 
cotton has been reviewed by Young (15), who found that applications of 
potassium fertilizers to Arkansas soils for the correction of potassium de¬ 
ficiency w’as accompanied by marked reduction in wilt severity. His work 
was confirmed by Dick and Tisdale (2) in Alabama, who also reported that 
under some conditions nitrogen fertilizer applications alone could effectively 
reduce wdlt severity but that wilt severity was increased following applica¬ 
tions of phosphatic fertilizers. Young and Thar^i (16) reported increased 
wult severity in Arkansas soils following nitrogenous and phosphatic fer¬ 
tilizers, particularly if the fertilizers 'were not adequately balanced with 
respect to potassium. A. L. Smith (6) summarized results of a regional 
wilt test in 9 states and reported reduced wilt following applications of 
potassium fertilizers, but stated that varietal resistance to \vilt was more 
important than fertilization so far as yield was concerned. Some of the 
variations in results were attributed to a combination of wilt and nematode 
infestation in the field plots observed. In a survey of Texas soils, Tauben- 
haus and coworkers (8) found a correlation between the presence of 
Fusarium in soils and their acidity, with Fitsarium more prevalent in acid 
soils. 

In sand culture studios Neal (4) reported that -wilt resistance of cotton 
^vas not increased w'hen plants received a supplementary solution containing 

1 Contribution of the Department of Botany and Bacteriology, Clemson Agricultural 
College, in cooperation with the Division of Cotton and Other Fiber Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture. Technical contribution 
No. 136, South Carolina Agricultural Experiment Station. 

2 The author wishes to extend to Dr. G. M. Armstrong and Dr. II. D. Barker his 
sincere thanks for their cooperation during the progress of these experiments and in the 
preparation of this manuscript. 
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ealciuin nitrate as the source of nitrogen. The basic nutrient solution con¬ 
tained nitrate and ammonium nitrogen in a 7:1 ratio. More recently Tharp 
and Wadleigh (9, 10) studying wilt resistance of several cotton varieties 
grown in sand cultures in relation to sources of nitrogen and to relative 
acidity found a significant interaction between nitrogen source and high pH. 
There was an increase of wilt resistance at pH 8 with nitrates as the source 
of nitrogen and a decrease in resistance with ammonia as the source of nitro¬ 
gen at the same pH, with varietal differences in response. Increases in 
nitrogen and phospliorus levels resulted in decreased wilt resistance while 
increases in the potassium level of the solutions increaseci wilt resistance. 
Armstrong and Schappelle'* noted that cotton plants grown in a solution in 
which all the nitrogen was supplied as calcium nitrate w’ere attacked less 
severely by wilt than plants gi*own in solutions containing nitrogen from 
calcium nitrate and ammonium sulphate. 

In 1943 and 1944 experiments were conducted by the writer to study 
in greater detail the responses of a highly wilt-susceptible variety of cotton'. 
Half and Half, to different sources of nitrogen in nutrient solutions at two 
levels t)f pH. 

MATKRIALS AND EXPERIMENTAL METHOD 

Pyrex glass jars, of 4>} gal. capacity, 12 in. in diameter and 12 in. in 
height were coated on the outside with black enamel to exclude light and 
buried to within a few inches of the top in the soil of the greenhouse benches. 
Covers were of glazed stoneware or of ‘^masonite hardboard^^ with 5 two- 
inch-spaced holes in each cover. Four-hole, flat, split corks were used for 
supporting the plants in these jars. Sixteen plants were mounted in four 
corks in each jar and the remaining opening in the jar cover was used for 
the insertion of a glass tube 25 mm. in diameter for draining and refilling 
tlie jars and for a smaller glass tube (6 -9 mm. in diameter) through which 
air for the aeration of the solutions was conducted. Changing of solutions 
could be accomplished in a few minutes with a minimum of handling and 
disturbance of plant roots. 

Solutions were drained and rex)laced with new solutions at weekly in- 
tei-vals except at the beginning of the experiments when the plants were 
small. Tn 1943 cultures in Series 1 and 2 were aerated several hours daily 
by bubbling air through them with the aid of a small blower and in 1944 
aeration of tliose of Series 3 was continuous, utilizing air from a storage tank 
and compressor. Water was added to the solutions from time to time to 
replace transpiration losses and to avoid excessive changes in concentration 
of salts in the solutioiis other than those due to absorption of nutrients bv 
the plants. 

Sulphuric-acid-delinted seed dusted with Spergon (tetrachloro para- 
benzoquinone) were planted in trays of steamed river sand. After 3-4 
days the seedlings, selected for uniformity, were transferred to the corks in 

8 Unpublished results from the South Carolina Agricultural Experiment Station, 
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the jars of nutrient solutions. Growth of seedlings was rapid and in 12-14 
days they were at an advanced seedling stage, but squares had not yet ap¬ 
peared. Inoculation with the wilt fungus was made at that time. 

The cultures of Fusarium vasinfectum used for inoculation were grown 
according to the technique used by Armstrong (1). Inoculation was ac¬ 
complished by a 10-minute immersion of the seedling plant roots in a my¬ 
celial suspension of the fungus, after which the plants, together with 
mycelia adhering to the roots, were replaced in their respective nutrient 
solutions. 

There were three jars of each solution and the location of these was 
randomized so as to permit subsequent statistical analysis. Non-inoculated 
or check cultures were also grown for each solution. 

The molar concentrations of the salts used are presented in table 1. 
Stock solutions of convenient concentration of all the nutrient salts were 
prepared and iiresented no problems, except in the case of calcium sulphate. 
Stock solutions of this salt, because of its low solubility, had to be pre¬ 
pared in dilute concentration in considerable volume. In mixing the solu¬ 
tions the moiiohydrogen potassium phosphate was always added last, with 
stirring, to the full volume of solution; but even with this iirecaiition there 
was turbidity in the solutions of higher pH, indicating a certain amount of 
precipitation of the salts. Except for sulphur the molar concentrations of 
all nutrient elements were the same in the solutions used. Iron was suj)- 
plied as ferric citrate in a concentration of 2 p.p.m. of ferric iron. Man¬ 
ganese was supplied in a concentration of 1 ]).p.m. and copper, zinc and 
boron in concentrations of 0.5 p.p.m. for each element. 

The height of the plants in each jar was measured at the time of inocula¬ 
tion and twice weekly thereafter. After inoculation the plants were in¬ 
spected daily for the appearance of wilt symptoms. After these had ap¬ 
peared inspections Avere made twice weekly and the wilt index of the jdants 
w^as recorded. Normal plants, mildly wdited, moderately wilted, severely 
wilted, and very severely wilted or dead i)laiits were given values of 0, 1, 
2, 3, 4, respectively, which were used to compute the wilt indices. Since 16 
plants were grown in each solution culture the greatest possible wdlt index 
for any one solution was 16 x 4, or 64. This wilt index was necessarily of an 
arbitrary nature but it enabled the development of wilt in each jar to be 
readily follow'ed. Dead plants or plants given a value of 4 were removed 
from the jars and a portion of the base of the stem cultured in the laboratory 
to recover the wilt fungus. 

Two levels of pH were used in the solutions because of the differences in 
absorption of ammonium and nitrate ions by plants at different pH levels 
reported by Tiedjens and Robbins (12). The high pll solutions had an 
initial pH of 6.6- 6.8 and the low pH solutions a pH of 5.0-5.3. In Series 
1 and 2 (1943) changes in solution pH were measured from time to time 
but no attempt was made to maintain the solutions at their initial pH. In 
Series 3 (1944) an attempt was made to correct wide changes in pH due to 
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TABLE 1 .—Ihe molar conecniraUona and pH of the solutions used 


Low pH High pH 


Salt 

Calcium 

nitrate 

nitrogen 

Ammo¬ 

nium 

sulphate 

nitrogen 

Ammo¬ 

nium 

nitrate 

nitrogen 

Calcium 

nitrate 

nitrogen 

Ammo- Ammo¬ 
nium nium 

sulphate nitrate 
nitrogen nitrogen 

• 7ILO . 

K 2 RO 4 . 

KH,.P04 . 

K2npo4 . 

rNiD^so* . 

Ca(N0.)a-4H20 . .. 

NH4N0„ . 

Ca804-2Ha0 . 

Fe, Cu, Mn, Zn, Bo . 

0.002 

0.00075 

0.0025 

0.002 

Tract' 

0.002 

0.00075 

0.0025 

0.002 

0.002 

Trace 

0.002 

0.00075 

0.0025 

■ ? 

0.002 

0.002 

Trace 

0.002 

0.001 

0.0015 

0.002 

Trace 

0,002 

o’ooi 

0.0015 

0.002 

0.002 

Trace 

0.002 

0.001 

0.0015 

0.002 

0.002 

Trace 

Initial pH (Series 1,2, and 3) 
Approximate® pH (Series 1 
and 2) at time of solution 

5.0 

5.3 

5.3 

6.7 

6.8 

6.8 

change . 

Approximate® pH (Scries 3) 

6.3 

3.9 

5.2 

6.9 

4.3 

5.5 

at time of solution change 

5.1 

5.2 

5.5 

6.8 

6.0 

6.1 


• These pn values are approximations derived from the plF measurements and are 
indicative of the pH trends observed in these solutions. Close control of the pH was not 
obtained except for the higli pH nitrab* .solutions. 

absorption of nutrients by the plants by the addition of either a dilute 
sulphuric acid solution or a susj^ension of calcium hydroxide. 


PRESKNTATTON OF DATA 

Table 1 shows the molar cojieentration of tlie sails used and the initial 
I)Il of each solution. The two lower lines of figures show’ the trend of pH 
changes in the solutions of all series. The high J)1J calcium nitrate solutions 
did not vary appreciably from their initial pll at any time, although the pH 
increased slightly from 0.0 b.S to (i.S 7.0. In Series 1 and 2 where no 
attempt w’as made to comjiensate for changes in solution acidity due to 
differential absorption of nutrients by the plants the low pll calcium nitrate 
solutions became loss acid. In S^u-ies 3 the addition of small amounts of 


TABLE 2.--The nvmher of phinU grown m each irvatment and the number of plants 
that escaped infection 


Scrips 1 Scries 2 


Treat iiient 

Total 
Xo. of 

Xo. of 
plants 

Total 
No. of 

No. of 
plants 


jdants 

not in- 
fc'ctcd 

plants 

not in¬ 
fected 

Low pH (a>HI 4 )oS 04 . . 

48 

0 

47 

0 

High pH 

43 

0 

48 

14 

Low pH NHiNO^ . 

47 

u 

48 

2 

High pH 

48 

6 

47 

5 

Low pH Ca(N0s)2 

48 

8 

48 

2 

High pH . 

47 

27 

45 

11 


Series 3 


Total 
No. of 
plants 


No. of 
plants 
not in¬ 
fected 


48 0 

42 0 

46 0 

48 1 

48 0 

48 17 
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dilute sulphuric acid to these solutions kept them near the initial and 
desired pH. In Series 1 and 2, both high and low pH ammonium sulphate 
solutions increased in acidity to the point where the growth of the cotton 
plants was markedly retarded. In Series 3, with excess acidity offset 
through the use of a calcium hydroxide suspension added from time to time 
to the solutions, a considerably better growth of plants resulted, although 
in general vigor and appearance these plants were inferior to those grown 



Fig. 1. The mean sum of the wilt indices of the plants in each solution of Scries 1 
on the indicated number of days after inoculation. Inoculated July 15, 1943. 

in calcium nitrate and ammonium nitrate solutions. The pH changes of 
the ammonium nitrate solutions were intermediate between those of tlie 
calcium nitrate and ammonium sulphate solutions. In Series 1 and 2 the 
high pH ammonium sulphate and ammonium nitrate solutions became more 
acid and the attempt to correct this acidity in Series 3 was not entirely 
successful. It should be iiointed out that the changes in pH of the solu¬ 
tions presented in table 1, because of the logarithmic character of pH values, 
are approximations useful in indicating trends rather than representing 
true iheans. 

The largest and most vigorous noninfected or healthy plants were pro- 
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diiced in the low pH caleium nitrate solutions. Slightly less favorable 
conditions for growth were present in the high pH calcium nitrate solution 
and in the ammonium nitrate solutions of both high and low pH. In the 
ammonium sulphate solutions of Series 1 and 2, in which the pH was 3.8 
and 4.5, plant growth was poor, but in Series 3, where excessive acidity was 
corrected, growth was improved, although markedly less than in the calcium 
nitrate and ammonium nitrate solutions. 

The wilt index values and the percentages of severely wdlted or dead 



^ II 14 .6 22 2b 26 33 

DAYS AF^EP INOCULATION 


fig. 2. The morn hi™ of the wilt in.lieo.s of tlie plants in each solution of Series 2 
on the indicated numbiT of days after inocnlation. TiiDCiilatcd Sept. 24, 3943. 


plants are shown in figures 1, 2, aiul 3, and figures 4, 5, 6, respectively. 
Table 2 shows the number of plants of each treatment which had no visible 
wilt symptoms and from which the Fusarhtm was not recovered on plate 
cultures at the eud of the experiment. The number of plants grown in 
each solution is also shown in table 2. A considerable number of plants in 
each series of the high pH calcium nitrate solutions and in the high pH 
ammonium sulphate solutions of Series 2 apparently did not become infected 
aftei- exposure to the fungus. The considerable number of noninfected 
plants in the high pH calcium nitrate solutions of all series indicated that 
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plants in such solutions wero not so readily infected as in other solutions. 
Some of the plants in the high pH calcium nitrate solutions of Series 3 had 
blackened vascular tissue although the plants had no wilt symptoms nor 
could the organism be recovered from plate cultures at the end of the experi¬ 
ment, suggesting that initial infection may have occurred but that the 
Fusaritini had not survived. The absence of infection of plants in the high 
pH ammonium sulphate solutions of Series 2 was probably due to chance 
since it occurred only in this instance. 



6 lO 14 I-' ?0 24 27 31 34 39 

DAYS AFTER INOCULATION 

riG. 3. The mean sum of the wilt indices of the plants in each solution of Series 3 
on the indicated number of days after inoculation. Inoculated Aug. 26, 3944, 

The single degree of freedom method of analysis described by Snedecor 
(7) and also discussed by Wadleigh and Tharp (13) and by Tharp, 
Wadleigh, and Barker (11) in their nutritional studies of cotton, was 
followed in the statistical comparisons of the data presented in figures 1-6. 
The general methods followed are illustrated in table 3. The results of in¬ 
dividual comparisons are shown in table 4. 

DISCUSSION 

In general, wilt symptoms began appearing 5-7 days after inoculation 
and appeared first in low pH calcium nitrate and low pH ammonium nitrate 
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solutions. In these solutions plant symptoms appeared earlier and wilt 
development was more rapid than in the ammonium sulphate solutions, but 
.after plants in the latter solutions began to show symptoms of wilt they 
usually deteriorated quickly. As is shown in figures 1, 2, and 3, the plants 
in low pH solutions had more pronounced wilt symptoms early in the ex¬ 
periment than plants in high pH solutions, but in time these differences 
became less, with the exception of the high pH calcium nitrate solutions, 



Inspection of figures 1-6 shows that each series of plants, necessarily 
grown ^der va^nig seasonal conditions, showed varying degrees of wilting. 
The differences between comparisons of treatments in Series 1, as shown in 
table 4, were Jess pronounced than those for Series 2 and 3. This is reflected 
m the smaller number of statistically significant differences in Series 1 
The tr^d, however, was the same as shown by the plus (+) and minus (-) 
values for each comparison. ^ ' 
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Table 4, comparison 1, shows that the plants grown in low pH solutions 
had a higher wilt index and a higher number of severely wilted and dead 
plants than the plants grown in high pH solutions, except for the data of 
August 7. Comparisons 2, 3, and 4 show several differences of probable 
significance, but they are isolated instances, and do not indicate a consistent 
trend in the 3 series of plants, and will not be further discussed. Plants 
grown in low pH calcium nitrate solutions as compared with those grown 


q5 




70, 



o 

/' 

/ / 


/ 

/ 

/ /• 
/ ■ 


• -• pH 5 3 (NH 4}2 SO 4 

• -• PH 6.8 

O O pH 5.3 NH 4 NO 3 

O — - OpH 6.0 
& — -ApH 5.0 CACN03)a 
A-ApH 6 7 


16 22 25 20 

DAYS AFTER INOCULATION 


Fig. 5. The percentage of severely wilted and de<ad plants in cultures of Series 2 un 
the indicated number of days after inoculation. Inoculated Sept. 24, 1943. 


in high pH calcium nitrate solutions (Comparison 5) had a higher wilt 
index and a greater number wilted severely or dead. These diiferenees W'ere 
of probable significance for Series 1 (except on Aug. 7), of probable and 
high significance for Scries 2, and of high significance for Series 3. Com¬ 
parisons 10 and 12 between plants grown in high pH calciiun nitrate solu¬ 
tions and low pTI ammonium sulphate and ammonium nitrate solutions, re¬ 
spectively, also showed significantly lower wilt indices and a smaller number 
of severely wilted and dead plants for the high pH calcium nitrate solutions. 
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except on Aug. 7 in Series 1 and on Oct. 12 in Series 2, comparison 10. 
The lack of significant differences on Aug. 7 and Oct. 12 was probably due 
to the slower development of wilt symptoms in ammonium sulphate solu¬ 
tions previously mentioned. There was, then, as showji in comparisons 5, 
10, and 12, a eonsistentlj" lower wilt index and lower wilt mortality in high 
pH calcium nitrate solutions than in low pH solutions in wdiich the nitrogen 
was derived from calcium nitrate, ammonium nitrate, and ammonium 
sulphate. 



If the \tjlt indices and the percentage of severely wilted and dead plants 
in the high pH ealeiiun nitrate solntions are compared with those for the 
high pn ammoniimi sulphate solutions, as in comparison 11, it will be noted 
that in r,erics 1 and 3 the plants of greater age in the former solution were 
significantly lower as to both wilt index and the number of severely wilted 
and dead plants than those in the latter solntion. The lack of significant 
differences in Series 2 was probably due to the relatively large number of 
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plants in the high pH ammonium sulphate solutions that, for some unknown 
reason, escaped infection (table 2). Because of the slower development of 
wilt in plants grown in ammonium sulphate solution, the plants of inter¬ 
mediate age in Series 1, 2, and 3, respectively, did not show significant dif¬ 
ferences on Aug. 7, Oct. 12, and Sept. I'l. In comparison 13, the high pH 
calcium nitrate plants of Series 3 were significantly lower in wilt index and 
severely wilted and dead plants than the high pll ammonium nitrate plants, 
whereas in Series 1 and 2 the difTerenees between these two treatments were 
not significant. In Series 3 pH changes in the solutions were adjusted so 

TABLE 3 .—AnalysiH of variance of severely wilted and dead pUnits illustrating 
several sets of comimrisons computed from the same data. Series j*, October 1943 


Croup 
com 
pji risen 


'rroatments 


Decrees 

freedom 


A 


TOTAL 17 


Low ]>II - llifjli pH 1 

Cu(NOr)o-(N1L),SO, 1 

2fNILNO,] - [Ou (XO,)g+ (NIL)gSO,] 1 

(l.H X Solution) CaCNO.Oo - (mh)SO, 1 

(Interaction) 2(Nn4NOa) - [Ca(XOs)a+ (Nn4)o80,l 1 


ERKOR 12 


1070.257 

9507.745** 

631.040 

813.961 

50.102 

328.093 

571.952 


B Ijow pH ~ lligli pH 

Low pH Ca (NO,)«- Low pH (NH 4 ) 8 S 04 
High pH Oa(XO:,)..-nighpH (Nn 4 ) 8 S 04 
2(Low pH NH 4 NOR) - [Low ])H Ca (+ Low pH 
2 (High pH NH 4 NO,,) - [High pH Ca (ISO.,), 

4 High pH (NH4)aS04] 


1 9507.745** 

1 162.760 

1 518.382 

1 54.253 

1 1087.800 


C 


ERROR 12 


Low pH Oa.(NO.,)o-HiglipH Ca(NO.02 1 

Low pH (NH4) ..SO4 - High pH (NH4)28O4 1 

Low pH NH4 NOt - High pH NH4NO3 1 

Ca(NO:,)g- (Nn4)-.S04 1 

2(NH4N0:.) - [(Ja(XO.,),+ (NH4)g804] 1 


ERROR 12 


571.952 

4719.132* 

3444.010* 

1722.798 

631.040 

813.961 

571.952 


* Indicates aigniOcance at the 5 per cent level. 

** Indicates significance at the 1 per cent level. 

tlial the pll level was higher than in Series 1 and 2 where the pH decreased 
between solution renewals. In the higher pH of the solutions of Series 3 
wilt susceptibility and wilt mortality increased in the ammonium nitrate 
solutions. 

If the differences discussed in comparisons 1, 11, and 13 were due to the 
source of nitrogen at the respetdive pII level of the nutrient solutions used 
and were not due to the jiarticular balance of the nutrient salts, it follows 
that two factors, nitrate nitrogen and high pH, both contributed to de¬ 
creased wilt incidence and plant mortality and that neither factor, by 
itself, would account for the observed differences. In this conrioetioii it 
has been reported by Taubenhaus and coworkers (8) that wilt was less 
prevalent in Texas soils of high pH. In regard to the possibility that the 
response of the plants to inoculation with the wilt organism was a nutrient 
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balance eflfect, definite information might be obtained by noting the effects 
of nitrate nitrogen at a pH of 6.6 to 7.0 over wide ranges of nutrient salt 
balance. It has been shown, however, that with the balance of nutrients 
in the solutions used in this investigation a supply of nitrate ions derived 
from calcium nitrate at a pll of 6.6 to 7.0 together with an absence of 
ammonium ions markedly influenced wilt susceptibility and plant mortality. 

There are several other comparisons in which significant differences were 
limited to Series 2. Comparisons 14 and 17 show a lower wilt index and less 
severe wilt for plants in high pH ammonium sulphate solutions, doubtless 
due to the number of plants in this series that escaped infection. The dif¬ 
ferences shown in comparisons 6, 8, and 13 are due to the relatively slower 
development of wilt symptoms in plants grown in ammonium sulphate solu¬ 
tions (observed in all scries) which attained statistical significance only in 
Series 2. In comparisons 9 and 19 oidy the differences observed on Oct. 12 
in Series 2 were due to a delay in appearam*e of wilt symptoms after inocula¬ 
tion of plants in high pII ammonium nitrate solutions. This delay was also 
obsfTved in Series .‘1, but was not statistically significant. 

The data indicate that at a pH near neutrality, wilt resistance increased 
only when nitrogen was derived from calcium nitrate in solutions of the 
nutrient balance used in these experiments. 

SUMMARY 

1. Plants grown in higli pH calcium nitrate solutions had markedly 
less wilt injury and a lower mortality than those growm in any other solution. 

2. On ifiaiihs grown in low* pH calcium nitrate solutions severe wilt 
symptoms developed in a shorter time than in any other solution. 

3. Severe wilt injury developed rapidly on plants in low pll ammonium 
nitrate solutions. 

4. Wilt injury in the high pH ammonium nitrate solutions was less than 
in the low pH ammonium nitrate solutions but was greater than in the 
high pH calcium nitrate solutions. 

5. Wilt injury developed more slowly on i>lants grown in solutions con¬ 
taining only nitrogen from ammonium sulphate than on those growm in low" 
pH calcium nitrate or ammonium nitrate solutions. 

6. Two mutually dependent factors, a pll of 6.6-7.0 and nitrate nitro¬ 
gen derived from calcium nitrate at the particular nutrient balance used, 
(‘ontributed significantly to increased wilt resistance and de(*reased wilt 
injury. 

Cle^mson Agricultural College, 

Clem SON, South Carolina. 
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ATTEMPTS TO CONTROL BACTERIAL BLIC.IITS OP 
PEAR AND WALNUT WITH PENICILLIN 

B. A. Rudolph 
(Accepted for publication May 28, 1946) 

It is wel] known that penicillin, primarily bacteriostatic against Gram- 
j)ositive bacteria, maj^ also inhibit the growth of certain Gram-negative 
organisms. Broivn and Boyle’ reported that the iienicillin sensitivity of the 
Gram-negative organism of crown gall, Agrohacterium tumcfaciens (Smith 
and Townsend) (^ 01111 *^ syn. Phytomonm Inmefaciens Bergey ei al, differed 
little, if at all, from that of Micrococcus pyogenes var. aureus (Rosenbach) 
Zoph. syn. Staphylococcus aureus Rosenbach, the organism generally used 
to determine the assay value of penicillin. But they themselves point out 
that the conditions under which their experiments were conducted may leave 
the results open to (piestion. They also found weak solutions of penicillin, 
even in an unpurified stale, to be distinctly effective in vivo against crown 
gall on Bryophylhim when the galls were wrapped with cotton soaked in the 
j)enieillin solution and punctured wdth needles pushed through the wet 
cotton.’'In earlier studies by Brown and Boyle penicillin was effective 
in vitro against Erwinia carnegieana Standring, the Gram-positive pathogen 
responsible for the rot of tlie giant cactus {Carnegieana gigantea Britt, and 
Rose) in the Paidfic Southwest. They also obtained some evidence of sus¬ 
ceptibility of Corynchacierium sepedonicum (Spieckermaun and Kothoff) 
Skaptasoii and Burkholder, the potato-ring-rot pathogen^ to penicillin in 
vitro.* Waksnian"' and his associates also have contributed additional 
information on the effect of several antibiotics on various plant pathogens. 

EXPERIMENTS AT THE DEClDl OrS FRTTIT FIELD STATION 

In tlie fall of 1944, experiments were undertaken to test the antibiotic 
activity of uni)urified peniiullin against tw^o important Gram-negative plant 
j>athogens, namely Xanthomonas juglandis (Pierce) Dow'son, syn. Phyto- 
monas juglandis Bergey et ah [walnut blight] and Erwinia amylovora 

1 Blown, J. G., jind Alice M. Boyle. Axiplieatioii of penicillin to crown gall. Phy¬ 
topath. 36: ;*>21-524. 1945. 

2 The nomenclature for all bacteria referred to in this paper is that used in the sixth 
edition of Bergey’s Mjinual of Determinative Bacteriology now in press, and was kindly 
furnished by Dr,' Robert S. Breed, Chairman, Board of Editors, New York State Experi¬ 
ment Station, Geneva, N. Y. If the nomenclature is being used in the sixth edition of 
tlu! Manual for the first time, the latest accepted synonym used in the fifth edition is 
also given in this paper. 

» Brown, J. G., and Alice M. Boyle. Penicillin treatment of crown gall. Science 
100: 528. 1944. 

^ Brown, J. G., and Alice M. Boyle. Effect of penicillin on a plant pathogen. 
Phytopath. 34: 760-761. 1944. 

Waksman, Selman A. Microbial antagonisms and antibiotic substances. 350 pp. 
New York Oomnipnwcalth Fund. 1945, 

6 Waksman, Selman A., Elizabeth Bugie, and H. Cliristiiic Reilly. Bacteriostatic and 
bactericidal properties of antibiotic substances, with special reference to plant-pathogenic 
bacteria. Bui. Torrey Bot. Club 71: 107-121. 1944. 
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(Burrill) Bergey ct al [pear blight]. An improved strain of Penicillium 
notatum (1249~b~21), originally obtained from the Northern Regional Re¬ 
search Laboratory, Peoria, Illinois, was grown upon a modified Czapek-Dox 
liquid medium supplemented with lactose and corn steep liquor. The flat- 
bottle method was employed, and all known requirements for the maximum 
production of penicillin with regards to the length of time for cultivating 
the fungus, the pH, temperature, etc., were observed. In replicated tests 
the assays were sufiSciently high to markedly inhibit growth of Micrococcus 
pyogenes var. aureus. The strain used was obtained from the Food and 
Drug Administration of the Federal Security Agency and 'was one developed 
by them for assay purposes. 

Dr. C. E. Clifton" and his associates devised a convenient assay method, 
iiot heretofore reported, which obviates the use of glass assay cylinders or 
paper discs. Briefl 3 ’' the method is as follows: exactlj" 30 ml. of a suitable 
2 per cent nutrient agar are poured into standard Petri plates of 100-nim. 
diameter and seeded in anj^ one of the several conventional waj’s with 0.1 
ml. of a 1 to 10 dilution of a 24-hour culture of Micrococcus pyogenes var. 
aureus. Holes exactly 10 mm. in diameter arc cut in the seeded medium 
with any sharp-edge, sterile, metal tube, such as a cork borer. Into a hole 
is dropped 0.1 ml. of the j)enicillin-eontaining broth to be assayed, after 
which the plates are incubated for 24 hours at 35-37° C., the optimum tem¬ 
perature for growth of the organism. The number of units of penicillin per 
milliliter of the test solution is rletermined In’' referring the measurement of 
the diameter of the circular area of inhibition in the plate to a table of known 
value. Xanihomonas jugJandis tested against the unpurificd penicillin in 
this manner seemed to be inhibited lO a slight extent, but the growth of 
Erwinia amylovora was not affected. Both of these organisms were incu¬ 
bated at 30"^ C., the tein])erature general^ considered to be their optimum. 
Also, cultures of Xanfhonionas Juglandis. somewhat older than 24 hours and 
with maximum turbidin", were used to seed the plates, since this organism 
grows rather slow4.v even at its optimum temperature 

This method also permits of determining the number of units of com¬ 
mercial penifdllin required to bring about complete inhibition of the growth 
of any susce]>tible organism by inlrodiming graduated dilutions of the drug, 
the assa^ value of whi<*h is known, into the plates seeded w’itli the organism. 

Ajniibiotic Acfiviiy of Comnicrcinl Penicillin Against Erwinia amylovora 
in Yitro. Experiments with unpurified penicillin were discontinued when 
public sale qf the pure, commercially prepared drug was permitted by gov¬ 
ernment directive on March 15, 1945. Soon after that date the w^riter 
entered into a cooperative arrangement wdth the Commercial Solvents Cor¬ 
poration of Terre Haute, Indiana, ■which supplied generous quantities of 
pure penicillin of known assay value for additional studies, and for which 
grateful acknowdedgment is made here. 


7 The writer is deeply indebted to Dr. CUftoii, Department of Bacteriology, Stanford 
Univerttty, for many lielpfnl suggestions and criticisms during the course of the work 
and in the correction of the manuscript. 
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Strains of Erwinia amyJovora from different sources were tested against 
graduated dilutions of commercial penicillin in sterile, distilled water by 
the plate method described. Certain autogenous cultures from pear trees 
and others from apple trees in the same orchard were sensitive to the peni¬ 
cillin ; all other cultures were resistant to its action. The circular areas of 
inhibition in the plates were clean-cut, but all measurements were made 
under the microscope when it was observed that minute colonies of the organ¬ 
ism, imperceptible to the naked eye, slowly grew in a narroAv zone, usually 
about 5 mm. wide, between the area of absolute inhibition and that of unre¬ 
stricted growth. Under the microscope, the organism growing in these 
marginal zones appeared either as tiny, discrete colonies or as scarcely more 
than a granulation in the agar. Throughout this paper the diameter of the 
zones of inhibition as determined by both microscopic and macroscopic in¬ 
spection are given, the first figure representing the diameter as observed 
under the microscope and the second as measured directly with the naked eye. 

Dilutions of commercial peni<*illin containing 1000 units per 0.1 ml. 
inhibited the growth of the autogenous strains of Enrinia amyloi^ora in 
circular areas of 35 to 45 mm. diameter. Dilutions of 100 units per 0.1 ml. 
inhibited growth in cinudar areas varying from 25 to 35 mm. Dilutions of 
10 units per 0.1 ml. failed to affect the organism at all.* 

In parallel experiments with Envinia amyhvora from apple tested 
against the same lot of penicillin, a slightly greater resistance to the drug 
was noted; thus dilutions of 100 units per 0.1 ml. inhibited growth in circular 
areas of only 20 to 30 mm. diameter. 

In check plates of Microcovcitfi pyogenea var. min iiSf dilutions of the 
same lot of penicillin containing only 0.1 unit per 0.1 ml. inhibited growth in 
(drcular areas with diameters varying from 25 to 35 imn. 

Antihioi'ic Aciiviiy of Commercial Penicillin Against Xanihomonas jug- 
laiiflis in Vitro. The wal mil-blight organism proved to be definitely more 
susceptible to penicillin than Enrinia amylovora. AVhereas a dilution of 
the drug containing 10 units ]ier 0.1 ml. failed to affect the Erwinia, the 
growth of Xanihomonas jnglamlis in replicated tests was inhibited in cir¬ 
cular areas of 20 to 30 mm. diameter. At dilutions of 1 unit per 0.1 ml. the 
organism was not affected. 

That ])enicillin is not only bacteriostatic in its action against Xantho- 
monas juglandis and Enrinia amylovora, but bactericidal as well, is evi¬ 
denced by the fact that no colonies of the organism ever developed in the 
(drcular areas of complete inhibition regardless of time. Numerous sub¬ 
cultures made at frequent intervals for two weeks from siieli areas in plates 
of Xanihomonas juglandis remained sterile. 

Attempts to Control Erwinia amylovora in Vivo. Four mature Bartlett 
pear trees severely affected with blight were injected with penicillin solution 
in June, 1945. Infection had taken place several mouths earlier, almost 
exclusively through the blossoms as is characteristic of the disease in the 
Santa Clara Valley, and had spread to the twigs and limbs where it wps 
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still very active. Four holes, inches in diameter and not less than 3^ 
inches deep, were bored just below the crotch of a tree and equidistant on 
the circumference of the trunk which averaged 22 inches. Pieces of galva¬ 
nized iron tubing, inches in diameter and 2 -^ inches long, were driven just 
deep enough into the holes to insure a tight seal. Five-foot lengths of rub¬ 
ber hose attached to the projecting ends of the tubes conveyed the penicillin 
solution in a straight drop from clean cans suspended in the trees. The cans 
were ventilated through cotton filters in the lids. 

One tree was injected with 500 ml. of a solution of commercial penicillin 
containing slight! 3 ^ in excess of 1000 units per M. It was this dilution, 0.1 
ml. of which inhibited growth of Erivinia amylovora in circular areas 25 to 
35 mm. in diameter in test plates. The drug was dissolved in distilled w^ater 
near the freezing point to offset possible deterioration b^' the warm atmos¬ 
pheric temperatures prevailing at the time. The three other trees received 
identical dilutions of the drug prepared in the same wa.v, but only 250 ml. 
of solution per tree were xised. 

The trees showed no unfavorable reaction to the drug. The solution was 
readil,y absorbed b.v all four trees within a few hours, but the results were 
unqualified failures. A day after injecting the trees, bits of diseased wood 
from twigs selected as close to tiie point of injection ns possible, were planted 
in sterile, green, pear-fruit tissue and incubated at 30® (!). Erwinia amylo¬ 
vora grew luxuriantl.y in practically- 100 per ce]it of the cultures prepared 
in this way. 

A fifth tree ivceived protracted treatment with a stronger solution con¬ 
taining 1408 units of commercial penicillin per ml. The drug w^as pure, 
but, unlike the commercial product, it Lad nol gone through the final process 
of sterilization. In this condition it is much cheaper but is considered 
unsuited for therapeutic use in humans or animals. The tree was injected 
three times at intervals of 24 liours, each time with 500 ml. of the solution. 
Following the injections, several hours aflor the solution had been absorbed, 
one liter of sterile, distilled water was added to the can for the sole purpose 
of keeping the wood in an absor])tive eondition, experience obtained in pre¬ 
liminary experiments havijig shown tliat il* considerable time is allowed to 
elapse between injections the wood ceases to absorb the solution. This may 
possibly be due to the formation of tyloses or the j)roduction of gum in the 
tracheae. 

The result of this expcriineut was an unqualified failure. Actually moi-e 
of tile numerous cultures made fi*om the treated wood yielded the organism 
than did wood from check trees adjoining. This must he regarded as a 
coincidence. 

Attempts to Control Xanthomonds juglundis in Vivo. In April, 1945, 
a total of 11 uiature Payne (English) walnut trees with an average diameter 
of 29 inches growing near the Deciduous Fruit Field Station were injected 
with commercial penicillin in solution prepared in precisely the same way as 
described above. No less than 4 and usually 8 injections were made per tree 
depending upon the circumference of the trunks. 
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Plate tests reported elsewhere in this paper showed that 0.1 ml. of a 
dilution of the drug containing 100 units per ml. was sufficient to inhibit 
growth of Xanthomonas juglandis in large areas. The strength of the solu¬ 
tion used in the trees varied from 200 to 600 units per ml.', and each tree 
received 1 liter of solution. 

The results were unqualified failures. Broth cultures made from occa¬ 
sional lesions on the petioles of leaves taken as close to the points of injection 
as possible yielded the organism readily. 

The Effect of Passage Through Pear Wood on Penicillin, To determine 
whether the failure of penicillin to control Erwinia amylovora in vivo might 
have been due to adsorption or inactivation of the drug by the wood in which 
it was injected, the following experiment was performed. 

A healthy, 3-year-old pear shoot, 1 inch in diameter and 32 inches long, 
was cut from a dormant tree in January and painted with melted paraflSn 
except at the cut ends. The shoot was then forced through 2 large, per¬ 
forated rubber corks, one of which served to seal about 10 inches of the shoot 
inside a Martiji vacuum jar. The cork at the opposite end of the shoot fitted 
into a receptacle holding 20 ml. penicillin solution in which 200,000 units of 
the drug were dissolved. The Martin jar was evacuated under low vacuum, 
and the liquid that was extracted from the end of the shoot was removed 
fi*om time to time. AVhen the last of the penicillin solution had disappeared 
into the shoot, the pump was kept running for several minutes, and then an 
indeterminate amount of distilled water w^as added to the receptacle and 
drawn through the wood by vacuum. 

At the beginning of the experiment, pure, colorless sap started to drip 
from tlic end of the shoot in the Martin jar almost as soon as the vacuum was 
apydied. After 25 ml. were collected, a faint suggestion of yellow color in 
the li(|uid indicated that some penicillin was entering the sap stream. This 
extract was dis(:arded and the vacuum pump started again. By the time an 
additional 50 ml. of li(iuid were collected, the color of the solution dripping 
from the shoot was practically the same as that of the original solution, a 
sample of which had been kept. This extract was also discarded. The pump 
was started again and 20 ml. of liquid extracted, the deep yellow color of 
which was only slightly lighter than that of the original penicillin solution. 
This liquid was used in the following experiments. 

A series of 1 to 10 dilutions were made from each of the following : (1) 
the original penicillin solution ; (2) the dark yellow extract from the wood; 
(3) the same extract from wood after it had been filtered under vacuum 
through a short No. 3 Chamberlaiid candle. The antibiotic activity of 
the three series of dilutions was tested at the optimum temperature of 
the organisms in plates seeded with Micrococcus pyogenes var. aureus and 
Xanthomonas juglandis. 

The number of units of penicillin present was known for only the first 
of the three series of dilutions, namely that made from the original, unfil¬ 
tered penicillin solution. This series of 1 to 10 dilutions contained 10,000; 
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1000; 100; 10 units i)ei* ml. A parallel series of dilutions made of the 
yellow extract from wood had somewhat less antibi(di(' activity against 
Microc(K‘ms pyoarnes var. aureus in test plates than the original niifiltered 
peni<'illin series. But the diiferenee seemed entirely a matter of dilution 
rather than inaetivatioji of the drug. Thus, 0.1 ml. of the yellow extract 
just as it came from the wood inhibited growth of the bacteria in circular 
areas of 60-70 njm. diameter. As the anionnt of penicillin decreased with 
each succeiHling dilution, the areas of inhibition, always sharidy defined, 
grew correspondingly smaller. Nevertheless, even the fourth dilution in 
the series inhibited growth in (dean-cut areas of ;?«0-30 mm. diameter. 

l*assage of the yellow extract from the wood through the Chamberland 
candle rcdut*ed its antibiotic prof)erties still further. ]3efore passage 
through the candle, the undiluted extract inhibited grow^th of Micrococcus 
pyogcues var. aureus in circular areas of 60-70 mm. diameter. After filtra¬ 
tion the diameters of the areas of inhibition Avere only 46-60 mm. 

(Jrowth of Xaufhomouas juglaudis Avas inhihit(*d in clean-(*ut, circular 
areas of 30-40 mm. diameter by the extra(d as it (*ame from the Avood, But 
a ] to 10 dilution of the extract failed to atfect the bacteria at all exce]>t at 
the edges of the ludes in the plates. At these points the growth of the (*olonies 
Avas feeble, and they remained very small. 

DISCT-SRION 

There c^aii be no doubt Avhatever that groAvth of certain strains of the 
(iram-negatiA’e organisms JiJrwfuia avn/lovora and Xaufhooiouas jufflatfdis 
(*au be inhibited iu vitro by ])enicillin if strong enough solutions be used. 
That the action of the drug is not only bacteriostatic but bactericidal as Avell 
AA'as established. The ia(it that in ])r(*liminary pliases of the Avork certain 
strains ol hrivinia nniytovora pr(AA"ed resistaiit to strong concentration of 
peni(*illin might be attributcMi to the use of ])eni(*illin material that had d('- 
teriorated somcAvhat; before arrangtmients were completed Avith the Coni- 
merical SolA^ents (.orporation lor sui)plies of the drug, a certain amount of 
it was purcluiM‘d in local drug stores. The conditions under Avhic.h it Avas 
kept bef(n*e f)urchase vwrc* not kn(»AA’n, but it is re(*ognized that penicillin 
sloAvly deteriorates Avith age even under the best (conditions of storage and 
rapidly under impro]»er (conditions, especially, Avith improper temperature. 

There are several possible reasons Avhy penicillin failed utterly to control 
Erwima amylovora. and Xanihomouas juglandis iu vivo: (1) too small 
amounts of penicillin solutioji may have been iLsed, exon though its strejigth 
AA7JS always coi^siderably in excess of the (con(*entvati()ns reciuired to destroy 
either organism in vitro; (2) the drug may have been diluted so mmdi by 
the sap of file trees in which it Avas iiije(ded that it was rendered harmless; 
(3) the peni(dllin may have failed to reach the bmderia in the disorganizecl 
tksiies of the lesions; (4) more inje(*ti()ns at shorter intervals may have been 
nectessary; (5) the a(ction of penicillin may be evident only A\hen in contacd 
A\ith susceptible, actively groAviiig bacteria over a period of time. 
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With reiereuce to the first reason cited, namely, that too small amounts 
of the dru^ may have been injected, it should be stated that at no time was 
the disinfection of an entire tree expected or contemplated. The hi^h price 
of penicillin makes ex[)eriments of such sc'ope impractical. Even its cost 
in the small scale tests was f)roliibitive from the {^rowers’ standf)oiiit. For 
instance, the retail cost of ])enicillin at the time was $3.50 i^er 100,000 units. 
The (‘ost of iiijectiiifr 1 walnut tree experimentally with 600,000 units was 
$21.00 for the drufr alone. The retail price has steadily dropped since then, 
and at the time of writinjj: this paper j)eniclllin sells for $1.25 per 100,000 
units, pjven this ])rice makes its use inij>ractical by frrowers except in 
amounts even smaller than those used unsuccessfully in the experiments 
reported. 

It was hoped that the druji* mi^rht reach and permeate the diseased tissue 
of some lesions comj)aj‘atiA'ely <‘lose to the points of injection in sufficient 
coiK-entration to kill the bacderia in them. Had this been accomplished, the 
method of control on a jjreatiu* scale could be I’eferred to that probable, 
future day when the cost of the drupr, even in lar"e amounts, would be no 
deterrent to its use. 

That the penicillin probably did not reach the bacteria in sufficient con¬ 
centration to kill them is indicated by the fact that a iiear shoot 32 inches 
loiifr and 1 inch wide yielded 25 ml. of pure sap to bef?in with, then 50 nd. 
of sap containin^^ penicillin in ever-increasin<r amounts but never as much 
as ill the orijiinal solution. Actually the original solution (20 ml.) came 
throufrh the wood larjrely as a unit; the color of a final 20 ml. of extract indi¬ 
cated this, and its antibiotic activity in plate tests further substantiated it. 
It is clear that the total saf) content of the pear .shoot amounted to Avell over 
3 times the orijrinal volume of penicillin solution used, a factor that probably 
entered in the injection exf)(*riments and vitiated them. Wlierea.s, the peni- 
(dllin solution could be pulled throufih the wood by vacuum largrely as a 
unit in a few minutes, a matter of hours was recjuired to inject a tree dur- 
in^^ which time the penicillin solution, j»:ra(lually entering the sap stream, 
])robably was diluted to a point of ineffectiveness. 

Lopfically, for more precise results, the injections should have been made 
in one of the many scaffold branches of a tree rather than in its trunk, the 
considerably j^realer size of which made ])roportH)nally treater dilution of 
the dru^ injected into it inevitable. Better still, the dru^ mi«rht liave been 
injected into a single disea.sed twijj: or shoot or even pulled throu^di one by 
vacuum, after whicli cultures made from the wood would have revealed 
whetlier th(' dru<? had killed the orjranism or not. But, results obtained in 
tliese ways would have little ])rac.tical apjdication regardless of their pos¬ 
sible success. Prom the befrinninp: it was recofrnized that control of the 
two orjranisms hi rivo, to have any practical sijrnificance, would have to be 
throuprh the tree trunks. To attempt to inject individual scaffold branches 
every year would be impraidical for growers. Aside from the jrreat amount 
of time, labor, and e(piipment that would be required to treat an orchard in 
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this way, the problem of keeping the wounds sterile until healed to prevent 
wood decays, by no means simple, even when the trunks alone are injected, 
would become too greatly complicated were it necessary to bore all the scaf¬ 
fold branches with holes. A considerable acreage of pears growing on 
calcareous soils in the Santa Clara Valley must, for best results, be injected 
with iron salts every two or three years to correct lime-induced chlorosis. 
The injections are made in the trunks. Heart rots following such treatment 
are by no means uncommon. The expansion and contraction of the wood 
under fluctuating temperatures, as w^ell as the movement of the trees in the 
wind alone might be sufficient to break the seaPhetween the wood and the 
wax with which the holes are usually plugged and permit organisms of decay 
to make their way inside. These same factors would probably make it even 
Tjjore difficult to keep the wounds in scaffold branches sterile until healing 
was complete. 

Whether the diseased wood, uidike health}’^ wood, resisted passage of the 
penicillin through it or adsorbed or inactivat^ul the drug is not known. Nor 
is there any assiiram^e that more injections at shorter intervals might not 
have produ(*ed better results, but agcaiu the problem of time, labor, and 
expense from the growers’ standpoint, discouraged the undertaking of such 
experiments. Jjastly, whether the penicillin remained in contact with the 
organisms long enough to kill them is problemalical. 

summary 

The antibiotic properties of penicillin were lested against the Oram¬ 
negative organisms, AViefam-(Burrill) Bergey rt a/, [pear blight] 

Xanthomonas juglandifi (Pierce) D''wson [walnut blight] in vitro and 
in vivo. In conventional plate tests, dilutions of the drug in distilled water 
at the rate of 100 units per 0,1 ml. inhibited growth of Erxvinia amylovora 
completely in (*ircnlar areas of 25 mm. diameter, as seen under the micro¬ 
scope, or 35 mm., as seen by tlie naked eye. At the rate of 10 units per 0.1 
ml., the organism was not affected. Xanthomonas jnyidnclis is more sus¬ 
ceptible and was inhibited by dilutions of ]0 units per 0.1 ml. in circular 
areas of 20 to 30 mm. diameter, but it was not affe(*ted by 1 unit per 0.1 ml. 

Penicillin is not only bacteriostatic but bacteri(*ldal as well. 

Attempts to control either organism in vivo failed completely. Indi¬ 
vidual pear trees, severely affected witli blight, were injected once in their 
trunks with as much as 500 ml. of penicillin solution containing more than. 
1000 units per ml. Also, one tree was injected three times, at 24-hour 
intervals, with 500 ml. penicillin solution containing 1408 units per ml. 
Nuuierous enltures made at intervals from active lesions on twigs close to 
the points of injection showed that no control of the organism had been 
obtained. 

Individual walnut trees were injected with 1 liter of penicillin solution 
containing 200 to 600 units per ml. with no better success. 

To determine whetlier the penicillin solution might have been adsorbed 
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or inactivated by the wood, 20 ml. of solution containing 200,000 units were 
drawn through a 32-inch long, healthy, 3-ycar-old pear shoot under vacuum. 
The wood yielded practically 75 ml. of sap before the penicillin solution came 
through. Finally 20 ml, of extract were collected, the color of which was 
only slightly lighter than that of the original solution. Its antibiotic prop¬ 
erties against Micrococcus pyogenes var. aureus and Xanthomonas juglandis 
were found to be slightly impaired, but by dilution rather than inactivation. 
Passage of the extract through a short No. 3 Chaniberland candle reduced 
its antibiotic activity slightly. 

The failure of penicillin to control Erwinia amylovora and Xanthomonas 
juglandis in vivo, even at short distances from points of injection in the 
wood, is believed to have been due largely to excessive dilution of the drug 
by the sap. Other possible reasons for the failure are discussed. 

The present prohibitive cost of penicillin makes it impractical to use 
larger amounts or stronger solutions of it than reported, and even if either 
organism had been controlled in vivo, growers still would have to wait until 
the drug is considerably cheaper before such a method of control could be 
utilized economically. 

University of California DEOinrors Friut Field Station, 

San Jose. California. 



A STUDY OF VEGETABLE SEED PROTE(^TANTS' 

(■ A R L T o N F . Taylor and J o s e j* h A . K u p e r t 2 
(Accoptod for puldipiition May 28, 194()) 

Chemical treatment of vejretable seeds to protect ajyaiiist the ravages of 
damping-off has been the subject of much investigation during the past two 
decades. While a considerable amount of research had been done earlier, 
the introduction of the practice of dust treatmei^d; of vegetable seeds in tlie 
late twenties stimulated greater activity. 

Under the stress of war-im[)osed scarcities of certain metallic salts here¬ 
tofore primnpally used, a study of less-scarce metals and of certain newly 
developed organic fungicides was inidertaken in the si)ring of 1942. Results 
obtained in the preliminary trials conducted by the junior author prior to his 
entrance into the armed services led to the detailed study of a few materials 
by the senior author during the winter of 1942-43. The studies herein re¬ 
ported are additional to tests conducted in cooperation with the committee 
of the American Phytopathological Society on coordination in cereal and 
vegetable seed treatment research. 


THE DEVKriOCMENT OF DTTST MATERIALS AS SEED rROTECTANTS 

Organic mercury compounds, already in use for a decade in liipiid form, 
were developed for use as dust tn»atments on vcgetahli* seeds in tin* mid- 
twenties. Tn the United Stales, by 1926-27, Orton (31), Coons and Stewart 
(H), Jones (25), and llaenseler (14) were able to report success with these 
dust materials as seed protectants on vegetables. Aithough McWhorter (30) 
found the dust treatment less effective than the comparahic liipiid tnmtments 
in protecting beets against soil-borjie pathogens in greenhouse trials, the 
development of suitable seed })rotectants in dust lorm constituted an im¬ 
mense step toward wide adojition of the practice of proteidive seed treatment. 
In most cases satisfactorily replacing the more imtonvenient method of soak¬ 
ing the seed in Ihjuid solutions, they jiroved a boon in the struggle against 
dampijig-off 

Tlie soaking of vegetable secils in solutions of popj)er sulpJiate had long 
been practiced with good results by some growers. The ease of application 
of dusts to the dry seed led Coous and Stewart (8) and Horsfall (17, 18) to 
test dusting with powden^d copper suli)hate and monohydrated copper suK 
phate as a substitute for the method of soaking the seeds in copper sulphate 
solution. These copper salts were found to adhere poorly to the seed coat 
and proved to be rather unsatisfactory in performance. However, recogni¬ 
tion of the i>oor adherence as a probable cause of the poor protection stimu¬ 
lated a survey r>f the other salts of cop])er, from among which Horsfall (18, 

1 PublishtMl with the Rpproval of the Diroelor of tl.o West Viiiriniji AirricMiltur..! vJ 

ponment Station ns Sciontifiir Paper No. .'Jfif). ^ Agm nltur.il liix- 

2 Associate plant pathologist and research assisLmt, respectively West VirtrL.L. A.r.i 

. nlfiiral Experiment Station. ^ west Viigniia Agri- 
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19) seleeted red enproiis oxide as beiii^ the most pro^lisiu^,^ Subsequent 
Avork by Horsfall (20, 21, 22, 2;i) and by others (3, 5, 6, 7, 26, 33) has shown 
the benefits to be derived from the use of this material and also has revealed 
eej'taiii difficulties arising from its use. It has proved to be injurious on 
many acid soils and, in eommon with other eop])er salts, it frequently causes 
a hardening: of the seed coats of lima beans. It is also injurious to crucifers. 
To reduce interfacial friction between seeds, it has been found necessary to 
add j^raphite with the red c»iprous oxide (4, 5, 22), a practice which Hulbert 
and Whitney (24) had found efficacious in redncin" interfacial friction 
between pea seeds treated with Ceresan or with (*,opper carbonate. 

A later development was use of the yellow form of cuprous oxide, the 
color change being the result of reduction in ])article size. The yellow 
cuprous oxidt' has been more effective than the red form at equal dosages 
and has been equally effective at reduced dosages (16, 22). 

Zinc oxide was found elective as a seed treatment material by Horsfall 
(20, 21) and was popularized for use on spinach by Cook and Callenbach 
(5, 6, 7). Other than on s])inach and cabbage it has been used to a much 
less extent than has (uiprous oxide. Treatment with zinc oxide also increases 
the friction between seeds, thus necessitating the addition of graphite where 
the seeds are to be machine-i)Ianted. 

The adoidion of the oxides of these two metals as seed-protectant mate¬ 
rials ilid much to i) 0 ])ularize the i)ractice of treatment of vegetable seed. 
These materials, relatively inexpensive and effective on majiy crops and 
under many conditions, were adopted tjuickly by commercial vegetable pro¬ 
ducers. In 1935 the red eu])rous oxide treatment was applied to 20,000 
bushels of peas in New York (^1), and in 1936 it was used on 50,000 bushels 
in that State alone (2). By 1937 Cook (5) reported that apf)roximately 
150.000 pounds of spinach seed were treated annually in the Norfolk, Vir¬ 
ginia, area. Because of the popularity of the zinc oxide seed treatment in 
that area, presumably most of this seed was treated with zinc oxide. During 
the same period, the.se materials were a<*cepled and recommended as seed 
])rotectauts in many states and on many croi>s. 

These developments in the field of protective seed treatments stimulated 
active search for other effective materials. In 1940 Cunnijigham and Shar- 
velle (9) reported promising results obtained in the treatment of lima beans 
with two synthetic organic comjmunds. One of these, later identified as 
tetrachloro-])ara-benzo(piinone and marketed as Spergon (36), has proven 
gejierally to be a very satisfactory seed protectant on vegetable seeds. It lias 
been especially siu'cessful with legumes (9, 11, 27, 36). Increased height of 
peas from Spergon-treated seed w^is observed by Felix (11). Shawelle and 
Shema (35) reported evidence of stimulation in field-grown peas while Mc- 
NeAV (28) obtained increased size of plants from disease-free i)eas planted in 
steamed soil when Spei*goii was used as the seed treatment material. Davis 
and Haenseler (10) and Could (12) reported that, while Spergon was satis- 
fact^iry with beans, lima beans, and peas, it was less effective than certain 
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other materials with beets and spinach. Person and Chilton (32) reported 
that, with flowers, emergence was satisfactory following the use of Spergon 
but that the final stand was lower than where j’^ellow cuprous oxide was used. 

Recognized slightly later than Spergon, two derivatives of carbamic acid, 
tetramethyl thiuramdisulphide and ferric dimethyldithiocarbamate, have 
given favorable results in studies reported on in 1943 by McNew (29), 
Taylor, Leach, and Rupert (37), Davis and Ilaenseler (10), Gould (12), and 
Porter (34). Many investigators have reported on these materials since 
1943. During 1943 tetramethyl thiuramdisulphide was introduced as a seed- 
protectant material under the name “Arasan,’^ ifiis containing 50 per cent 
of the active ingredient in a non-wettable diluent. Ferric dimethyldithio- 
carbamate, introduced into commercial use as “Permate,^’ has found its 
chief value as a protective spray fungicide, though it is, in many cases, an 
effective seed protectant. 

DAMPING-OFF 

Throughout these studies the term damping-off has been construed as 
applying to the rotting of viable seeds and to the killing of the seedlings 
before emergence, as well as to the more commonly re(?ognized killing of the 
emerged seedlings. For convenience, the terminology of Horsfall (18) has 
been employed to distinguish between the types of damping-off. 

Pre-cmergenec (himpimj-off. With this type of damping-off the young 
seedling is invaded and destroyed before it emerges above the surface of the 
soil. 

Post-emcrgcncc damping-off. This is the more commonly recognized 
stage of damping-off. The already emerged seedling is invaded and the stem 
becomes water-soaked near the ground iine—the ])lant tlien topples over 
suddenly, usually while the cotyledons are still green. With slightly older 
seedlings the plant occasionally survives invasion but the stem becomes dis¬ 
colored and hard, the so-called wire-stem of seedlings. In other cases small 
brown lesions may develop on the stem or roots but the seedlings survive the 
invasion. 

The fungus Pyihium idtimum Trow principally was responsible for the 
damping-off r(‘ported in the following experiments. 

MATERIALS 

The preliminary trials wore with proprietary materials developed as seed 
protectants, various inorganic salts, and a few organic compounds available 
from fruit spray experiments. Later, other materials were obtained specifi¬ 
cally for trial as seed protectants. All proprietary compounds were pro¬ 
vided gratuitously by the several manufacturing companies. A list of the 
materials tested, together with their composition and source follows: 

AAZ: Special zinc oxide; Rohm & Haas Company. 

Arasan: Tetramethyl thiuramdisulphide, 50 per cent active material, 
non-wettable; B. I. duPont de Nemours & Company. 

C-119: Copper trichlorphenate, 20 per cent; Dow Chemical Company. 
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Cuprocide: Red cuprous oxide; Rohm & Haas Company. 

Permate: Ferric dimethyldithiocarbamate, 70 per cent active material, 
wettable; E. I. duPont de Nemours & Company. 

Iron sulphate; Mellon Institute, 

Japanese Beetle Spray: Tetramethyl thiuramdisulphide, 80 per cent 
active material, wettable; B. I. duPont de Nemours & Company. 

Phenothiazine, micronized; E. I. duPont de Nemours & Company. 

Semesan: Hydroxymcrcurichlorophenol, 30 per cent; E. I. duPont de 
Nemours & Company. 

Spergon: Tetrachloro-para-benzoquinone; Naugatuck Chem. Div., U. S. 
Rubber Co. 

Tetrachlororesorcinol; Pennsylvania Salt Company. 

Thiosan (now Tersan) : Tetramethyl thiuramdisulphide, 50 per cent 
active material, wettable; E. I. duPont de Nemours & Company. 

Tu addition to the above, boric acid, copper carbonate, silver carbonate, 
silver chloride, silver chromate, silver iodide, silver nitrate, silver orthophos¬ 
phate, silver oxide, and silver sulphate, C.P. grade, were tested. 

preliminary trials 

In a preliminary survey in 1942 the protective value of a number of 
materials was tested on siiiiiach seeds in one or more of four greenhouse 

TABLE 1 .—Freliminary trials on seed treatment of spinachy tOO seeds per plot, with 
dosage at full maximum capacity of seeds 


ETriergcnce of plants, in per cent 



Test 1 

Test 2 

Test 3 

Test 4 

Date planted 

Apr. 26 

May 15 

Juno 4 

June 29 

Record, days after planting 

8 

7 

6 

7 

Number of replications 

5 

4 

5 

5 

Material: 

Silver carbonate 

30.()a 

60.0 

11.0 

43.6 

Silver chloride .. ... 


31.8a 



Do 


39.0‘> 



Silver iodide . . 


28.5 



Silver nitrate 

Silver sulphate. . 

19.2 a 
12.2« 




Zinc oxide . . 

51.4 



. 

Copper carbonate ... 


52.2 



Cuprocide . 

58.2 

60.3 

44.4 

45.6 

Iron sulphate^ . 

30.4 

22.3 


67.8 

Sulphur (micro) . 



39.2 

Semesan . 


. 


Boric acid . 

11^4 


.... 


Formate . 


72.3 

65.4 

59.0 

Phenothiazine, micronized . 



52.6 

43.8 

Spergon . 

55.2 


60.6 

49.0 

T.M.D.8. 

No treatment . 

3^4 

30.3 

27.4 

Least Mean Sign. Diff. 6 per cent 

10.79 

9.76 

7.27 

8.90 


» Diluted, one part silver salt to nine parts bentonite. 

Diluted, one part silver salt to nine parts infusorial earth. 
® Finely powdered FeS 04 • l.SHoO. 
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trials. Jii tl)pse tests the seeds were treated at the maximum load of material 
the seeds would retain, the presumably more toxic silver salts beiiif? diluted 
before applieatiou. Final counts, presented in table 1, were made a week or 
less after planting and ])resent no data on the control of post-emergence 
dampin"-ofF. In fact, it is probable that additional emergence would have 
been recorded had later readings been made on these tests. Failure to 
emerge under these conditio)is may have been due to chemical injury of the 
seedlings, to pre-emergejioe damping-off, or to a (*i>mbination of both factors. 

As a result of these trials, silver carbonate, Fermate, Hpergon, and 
T.M.D.S. (tetramethyl thiuramdisulphide, 80 pef cent active grade, proc¬ 
essed as “Jap Beetle S])ray’’) were selected for further tests on a number 
of different crops. 

1 ' 4 nLE 2 .— Pf-rmitaf/r srcdlintj vmvrtjtncf in jmliminarif Iriais on srcd Ircaimtnt 


Kmcrjri'iK'c* 

Ta greenhouse In 



(^il)- 

(’arrot - 

Lettuce 

Musk- 

Tomato 

Swe(‘t 

lN*aM 


l»age 


1 

o 

melon 


corn 


l>«tc* pljinted 

dune 19 

duly n 

J uhe 19 

July 9 

d uue 5 

d line .30 

June 10 

J line 15 

I)a,V8 after 









planting . . 

n 

H 

8 

8 

10 

s 

9 

10 

Soil pH .. .. 

o.LT) 

5.4 

5.25 

5.1 

5.-1 

5.4 

7.4 

7.4 

Material:» 









Fermate .. , 

9;i.2 

51.0 

9.0 

15.2 

70.0 

88.8 

92.4 

89.0 

T.M.D.S. 

flM.d 


32.0 

2().0 


88.8 

94.0 

86.2 

Spergoii . . 

89.(5 

50.0 

35.(5 

3,3.0 

72.8 

89.0 

89.2 

8(5.0 

(hiprocidt* 

74.2 

53.8 

29.(5 

,39.0 

70.4 

88.4 

85.4 

88.0 

Silver carl). 

8(5.0 

45.2 

20.2 

10.6 

71.1 

79.8»^ 

78.0 

67.2'' 

Not treated 

77.(5 

40.O 

50.0 

.38.0 

4.4 

7(5.2 

79.4 

76.0 

Least Mean Sign. 









Diff. 5 per cent 

(1.9,*) 

7.85 

12,37 

5.00 

1.42 

4.92 

5.76 

5.49 

■ 

--- 

- — 

- . 


. 

_ 

- - 

__ 


“ All tresitinoiits ;it muxiiiunri rlosago with ilu* oxocptiori of sweet corn, whore 1 gram 
of material was ;i]>|»iied to JSO grams of seed. 

Pronounced stunting of seedlings. 

<• So\'erf; post-emergences oijur\ to seedlings. 

The rt'snlfs of these t(‘sts on other ve<'etal)le seeils are shoAvii in table 2. 
Here Fermate, T.M.D.S.. ftf)er<>:on. atul Cxiprociile were approximately ecjnal 
in effect on seedliii}? emertrence on all crops exeeiffing lettuce, the one strik¬ 
ing exeeption being the reilncetl stand where Cnproeide was applied to cab¬ 
bage seed (an effect Avhieli has been reported many times). With lettnee the 
jxieture was less clear and no benefit was obtained from any treatment. In 
considering these data it slionld be emfxhasized that, except on sweet corn, 
all materials were applied at the maximnm amount which would remain on 
the seed. With some kinds of seeds jui excessively high do.sage must have 
been applied, since later tests showed that lettuce would retain Fermate to 
the extent of approximately 12 per cent of the seed weight. It is probable 
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that sii(*Ji excessive rates of treatment were eoiidiicive to seedling injury on 
lettuce. 

METHODS 

Preliminary trials indicated differences between test materials in their 
ability to reduce or delay post-emergence dam])ing-off. The following 
methods were employed to demonstrate such differeiuies, and to ac.hieve some 
standardization in teidinique. 

Seed Treatment. The seeds to be treated were weighed on an anal>i;ical 
balance (0.1 mg. sensitivity). The test material was added to the seeds 
whi(*h then were shaken vigorously in a closed vial, then shaken lightly over 
a 40-mesh screen to remove unattached i^artides of the test material, and 
reweighed. If the desired dosage had not been reached, more material was 
added, shaken, and screened as before. If the desired dosage was not 
a])])roxiiiiated in three atteiripts, a fresh start was made with untreated seeds. 

This method proved satisfactory with cabbage, carrot, cucumber, lima 
bean, pea, and spinach seed. With lettn(*e it was necessary to expose the 
.seeds for some liours in the balance room to prevent humidity differences 
from (*ausing variations b(dw(*en successive weighings. With seeds Jiot 
adjusted to the humidity of the balance room such variations frecjiiently 
were gn*ater than the desired weight of test material. 

The treatment method ih*scribed was unsatisfactory with tomatoes be¬ 
cause the abrasive action of the shaking removed hairs from the seed coat 
and (‘aus6‘d losses in weight; such losses varied irregularly with the amount 
of shaking. Here, the treatment was accomplished by dilution of the test 
material with talc. Dosage rates were obtained b\' differential dilution, 
applying the full load of material tliat the seed would retain. 

Si led ion. Tin* s])iuach seed was screened and only those seeds 
M'hich ])assed through an 8-mesh, but not through a 10-mesh, screen were 
used. The lai*ger se(*ds thus removed gave a lower rate of germination than 
ilid the medium-size seeds. The cabbage seed was screened to remove the 
smallest seeds. The other kinds of seeds were not sized. 

Se(d-vonniin(f Procedure. The seeds w’^ere stored in vials until i)lanted. 
at which time they were counted and distributed immediately into the row. 
('ounting was facilitated by the use of a 1.5 x 5-inch card folded into a 
tj*oiigh. A small (|uantity of seeds was j)oured on the card, the required 
number counted, and then poured from the card directly into the row. This 
procedure avoided a considerable amount of handling of seeds and mini¬ 
mized the loss of material from the seeds before planting. Distribution of 
the seeds in the row was (‘orrected by moving seeds with forceps, though little 
of this was ne(‘ded if sufficient care was exercised. 

Soil. C8ay loam at j)H 5.4, with sufficient sand added to prevent severe 
crusting, was used throughout these experiments. Initially it w^as infested 
heavily with a freshly isolated culture of Pythium idtimum. Before start¬ 
ing each test the recpiired amount of soil was screened and mixed by repeated 
shoveling to insure uniformity. 
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Where the possibility of chemical injury to the seed was anticipated, a 
duplicate planting was made using soil from the same source, but partially 
sterilized with formaldehyde according to the method of Giiterman and 
Massey (13). This was done in order to diiferentiatc between reduced emer¬ 
gence due to chemical injury and low emergence due to poor protection 
against pre-emergence damping-off. The method of soil sterilization proved 
satisfactory in controlling pre-emergence damping-off. A small amount of 
post-emergence damping-off occurred, but the distribution of this suggested 
post-planting contamination. These damped-off seedlings did not compli¬ 
cate the emergence data since they were detectcfi and recorded in the daily 
counts. 

Planting. Great(ir uniformity of covering of the seeds was achieved by 
pressing the rows to a constant depth (« inch for small seeds, ^ inch for 
cucumber and other large seeds). The row-press consisted of a \ inch board 
having rounded edges with sidepieces adjustable to the desired dejith. After 
the seeds had been spaced, the row was filled with finely screened soil of the 
same source, dispensed from a large funnel. 

Watering. The flats were watered heavily by sprinkling twice daily at 
a rate to maintain a high soil moisture. 

Plant Counts. When an appreciable emergence had occurred, daily 
counts were made of all plants. Those that had damped-off were recorded 
and removed. This method of counting provided data on the time of devel¬ 
opment of post-emergence damping-off with different iiiaterials. In the 
earlier tests 100 seeds were used, each replicated to live plots in a randomized 
block arrangement. Later the seed number per plot w^as reducc'd to oO with 
some crops, and to 20 witli su('h crops as cucumbers. The total number of 
seeds used is shown in the discussion of each test. 

Statistical Treatment. The least significant difference between treat¬ 
ment means was determined by the method of Analysis of Variance. 

SEED TREATMENT OF SPINACH--MATERIALS AND DOSAGE 

Following the preliminary trials, it was deemed advisable to test the 
materials at different dosage rates. The jilants were counted daily for the 
first few days after emergence, later at 2-day intervals when most of the 
plants had attained, such size that they were not likely to dami)-off and 
disappear^' during a 48-hour period. 

In two trials of spinach (planted September 3 and October 19, 1942) 
certain materials and dosages were duplicated; these may be considered in 
a combined analysis of data drawn from the two trials. 

The final results of the September 3 test arc shown in table 3. Here 
the daily counts permitted accumulation of the total number of plants 
damped-off. This total, when added to the number standing at any date, 
permits the calculation of the total emergence to that date. The difference 
between the total emergence of plants and the maximum expected emergence 
of plants (75 to 85 per cent in later trials wdtli partially sterilized soil) may 
be attributed to pre-emergence damping-off. 
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TABLE 3.— Mesults of greenhouse test on spinach planted Sept. 3, 194S, Five repW 
cations of 100 seeds each 


Material 


Dosage 
(Per cent) a 


Percentage of plants 16 days after planting 
Surviving Damped-off Emerged 


T.M.D.S. 

Do 
Do 
Do 
Do 

Eermate 
Do 
Do 
Do 

SjK'rgon 

Cuprocide . 2.00 

No treatment . 

Least Mean Sign. Diff. 

5 per cent . . 

1 per cent . . 


58.6 

7.8 

66.4 

62.6 

10.6 

73.2 

55.0 

10.6 

65.6 

53.8 

13.4 

67.2 

47.8 

16.0 

63.8 

48.4 

18.2 

66.6 

47.2 

22.0 

69.2 

38.4 

25.6 

64.0 

41.6 

18.2 

59.8 

13.8 

16.4 

30.2 

20.2 

36.8 

57.0 

8.2 

11.6 

19.8 

9.25 

8.27 

7.62 

12.38 

11.06 

10.20 


. 2.76 

. 0.97 

. 0.50 

. 0.32 

. 0.12 

. 7.38 

. 0.54 

. 0.31 

. 0.13 

. 0.33 


»Throughout this study, dosage refers to the weight of tlie tre.Ttmeut material 
expressed as percentage of seed weight. 

In this test T.M.D.S. and Ferinate, even at dosages as low as 0.1 per cent, 
resulted in plant stands at 16 days which v. ere significantly higher thjin those 
where Cuproedde and Spergon were used at their recommended rates. Sper- 
gon, as used, did not significantly improve the stand over the controls. The 
effect of treatment on emergence of plants was essentially similar to the 
effect on survival of plants, an exception being found with Cuprocide which 

TABLE 4.— Results of greenhouse test on spinach planted Oct, 19, 1942, Five repli¬ 
cations of 100 seeds each 


Percentage of plants 


Material 

Dosage 

(Per 

16 days after {danting 

24 days after planting 


cent) 

Sur¬ 

viving 

Damped- 

off 

Emerged 

Sur¬ 

viving 

Damped- 

off 

Emerged 

T.M.D.S. 

2.55 

60.0 

7.4 

67.4 

53.4 

14.2 

67.6 

Do 

1.22 

51.2 

16.2 

67.4 

44.6 

23.0 

67.6 

Do .... 

0.51 

44.6 

22.2 

66.8 

38.6 

29.0 

67.6 

Do . 

0.28 

38.2 

21.2 

59.4 

32.2 

27.8 

60.0 

Do . 

0.09 

45.2 

17.4 

62.6 

38.4 

24.8 

63.2 

Thioaan . 

2.80 

61.0 

4.2 

65.2 

54.4 

11.0 

65.4 

Do . 

1.41 

50.6 

12.2 

62.8 

43.2 

19.6 

62.8 

Do . 

0.52 

49.0 

20.0 

69.0 

42.2 

26.8 

69.0 

Fermate . 

7.68 

52.2 

17.8 

70.0 

42.6 

28.2 

70.8 

Do . ... 

0.54 

34.2 

26.4 

60.6 

28.2 

32.8 

61.0 

Spergon . .. 

0.33 

8.8 

18.6 

27.4 

6.4 

21.0 

27.4 

Zinc oxide AAZ... . 

0.99 

17.4 

19.2 

36.6 

12.8 

23.8 

36.6 

•Cuprocide 

2.00 

37.6 

16.8 

54.4 

28.8 

25.6 

54.4 

No treatment . . .. 

. 

9.8 

10.8 

20.6 

6.2. 

14.4 

20.6 

Least Mean Sign. 
Diff. 

5 per cent . .. . 


14.07 

9.69 

9.10 

13.11 

9.93 

9.11 

1 per cent. 

. 

18.76 

12.92 

12.14 

17.47 

13.24 

12.14 
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])r(n’idc(l fair protection ajraiiist pre-enierfrence (iauipiii^r-off, but permitted 
ex(*essive post-emerj^ence dainping-ofif. Hperfyon provided little ])rotection 
afraiiist dampin{?-off at any stafre. 

In the October exi)eriment (Table 4) Thiosaii (a Avettable preparation 
containing 50 i^er cent tctramethyl tliiuranidisnlpliide) was tested and 
found to be comparable at ecpuil rates of active material to the 80 per cent 



T. M. 0. S. I.cx 
CUPROCIDE 2 0 % 
SPERGON 0 , 32 % 
CONTROL 


E EMERGED PLANTS 
S SURVIVING PLANTS 


0 10 II 12 

DAYS AFTER PLANTING 


FIG. 1 EMERGENCE AND SURVIVAL OF SPINACH SEEDLINGS AS A FUNCTIOKi 
OF TIME AND TREATMENT.-COMBINED DATA - AVG, 1000 SEtOS 

form rr.M.D.S.) jireviousJy usod. Ii, this test Ciiprocide Mas more effective 
tlian in the September test (Ouprocide plots in both tests were planted from 
a lot of seeds treated in late Aufrust); hence, only the hiRliest dosajres of 
T.M.D.S. and Fermate pmve sipiificantly hijther stands than G™idc 
Spergon and zinc oxide failed to protect siiinach adequately in this test 
Tlie data from treatments common to both teste were combined "the 
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homogeneity test described by Hayes and Immer (15) showing that the vari¬ 
ances of these two tests are homogeneous. These combined data show that, 
at similar dosages, T.M.D.S. resulted in significantly more surviving plants 
than did treatment with Fermate, though th(' total emergence was approxi¬ 
mately equal. Reduction of the dosage with both these materials resulted 
in reduced control of both pr(*-emergence and post-emergence damping-off. 
Cuprocide was significantly poorer than T.M.D.S. ajid Fermate for plant 
survival, for post-emergence control, and, with the exception of the lowest 



FIG. 2-PER CENT -SURVIVAL OF EMERGED SPINACH SEEDLINGS AS A 
FUNCTION OF TIME AND TREATMENT 


dosages of these materials, for pre-emergence control of damping-off. Sper- 
gon was barely significant over no treatment in pre-emergence control and 
was very ineffective in the control of post-emergence damping-off. 

The daily progress of seedling emergejice and damping-off, as shown by 
plant survival, with the combined data of a few selected treatments, have 
been charted in figure 1. This shows the effect of T.M.D.S. in the protection 
of the late emerging seedlings, also the comparatively low mortality of the 
emerged seedlings under conditions highly conducive to damping-off. Note¬ 
worthy is the failure of Cuprocide to control post-emergence dami)ing-off as 
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shown by the early and heavy loss of plants. The ineffectiveness of Spergon 
is shown by the similarity in slope of the curves for this material and the 
controls. 

To further examine the effectiveness of protection against post-emergence 
damping-off afforded bj'' different treatment materials, the percentage of sur¬ 
vival of those plants which emerged is charted in figure 2. This chart shows 
that post-emergence damping-off with Cuprocide, Spergon, and with no 
treatment is early and rapid and follows a very similar pattern, as con- 



no. 3.- PER CENT SURVIVAL OF EMERGED SPINACH SEEDLINGS AS A FUNCTION OF 
TIME AND DOSAGE OF TETRAMETHYL THIURAMDISULPHIDE 


trusted with the delayed pattern of post-emergence damj)iiig-off with 
T.M.D.S. at one per cent. It should be noted that the data in this figure 
were obtained by the formula number surviving x 100/number which had 
emerged. Thus, 100 surviving of a total of 200 emerged plants would give 
the same survival percentage as 250 surviving from a total emergence of 500 
plants, even tiiough the latter represents a much better stand of plants from 
the 1000 seeds planted. 

Data from these two experiments are available on the effect of different 
dosages of tetramethyl thiuramdisulphide on the control of post-emergence 
damping-off. The percentage survival of emerged plants, as charted in fig- 
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lire 3, shows tliat the eontrol of* ])ost-einerfreiiee daini)iii«^-off increased as the 
treatment rate was increased. 

TETKACIILORORESORCINOL AND COl’PER TRICIILORPHENATE AS SEED 
PROTECTANTS ON SPINACH 


Tetraclilororesorcinol and C-119 (a preparation containing 20 per cent 
coiiper trichlorjihenate) at two dosages each were compared with Thiosan at 
1.0 pel* ('ent in one test, table 5 and fi«:ure 4. 



FIG. 4.- EMERGENCE AND SURVIVAL OF SPINACH SEEDLINGS AS A FUNCTION OF TIME AND 
TREATMENT WITH TETRACHLORORESORCINOL AND COPPER TRICHLORPHENATE 


Tlieso data show that tetraidilororesorcinol at 2.5 })er cent dosafj:e per¬ 
mitted tlie eincr<»:ence of but three plants from 500 seeds, but that a 32.2 per 
cent emergence occurred Avith a dosage of 0.8 per cent. While this e.xjieri- 
ment was not duplicated in partially sterilized soil, the data show clearly 
that the Ioav emergence Avas cine to injury and not to lack of protection. This 
injury was further demonstrated by the delaA^ed emergence (Fig. 4). At 
the loAver dosage of 0.8 per ('cnt, 23 jier cent of those plants which had 
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TABLK 5.— Copper irichlorphcnaie aihd tetrachlororcsorvinol as seed protectants on 
spinach planted Oct, 33, 1043, Five replications of 100 seeds each 


of plants 18 days 


Material 

Dosage 
(Per cent) 


after planting 





Emerged 


Surviving 

Damped-off 

Thiosan . 

i.r> 

48.4 

12.6 

61.0 

0-119 . 

1.5 

12.0 

0.8 

12.8 

Do . 

0.55 

32.8 

9.8 

42.6 

Tetraelilororcsorcinol 

2.5 

0.6 

0.0 

0.6 

Do 

0.8 

9.4 

2.8 

12.2 

No treatment 


<y.4 

13.4 

21.8 


emei'f^ecl had damped-off within 18 days after jilaiitiiij^. This result sufr^ests 
that protection ap:ainst daiii])inp:-o(T would not be satisfactory at dosaj^es 
suflPciently low to be noii-injurious. 

C-119 at 1.5 per cent also proved to be excessively injurious, {^ivin^; both 
delayed and low enier<i:enee. However, only 6.3 per cent of those plants 
whi(‘h emero^ed dainped-off within 18 days, thus sliowinj^ a hif^h order of pro¬ 
tection aprainst post-emer^^ence (ianipiu<?-off. At the lower dosapre of 0.5 per 
cent while the enierj^ence Avas considerably lower than Avith Thiosan, post- 
emergence protection Avas excellent. Further trials of those materials Avere 
not made, inasmuch as they appeared unsafe on spinach. 


SILVER SALTS AS SEED PROTEOTANTS ON SI»1NACH 

The promising: results obtained with sihTr carbonate in the preliminary 
trials prompted further testing: of this material, toi^^cther Avith silver chro- 


TABLE C.— Silver salts compared wii< other seed 
Dec, 38, 1943, Five replications of 30 ,seeds each 


prolectuHls on spinach, planted 


Mn ter ini 


Dosage 
(Per eeut) 


Silver earbonati' 

3.82 

Do 

0.99 

Do 

0.31 

SUv<*r chromate .. . 

4.04 

Do 

0.82 

Silver oxide . 

2 12 

Do 

0.40 

Sil. orthophosphate 

2.76 

Do 

0.27 

T.M.D.8. 

0.99 

Thiosan . .. 

1.48 

Ciiprocide .... 

2.00 

Iron sulfate ■ 1.5H’20 .. 

2.20 

Ao treatment . 

. ... 

Least Mean Sign. Diff. 



5 per tent. 

1 per cent . 


Percentage of plants 16 days after planting 


Infested soil 
Surviving Dampedoff 


10.4 

38.8 

9.6 

44.8 

9.6 

26.8 

52.0 

26.8 

30.8 

39.2 

10.0 

»5o.2 

13.6 

37.2 

18.0 

41.2 

4.8 

22.4 

55.2 

25.2 

58.4 

22.4 

26.8 

37.6 

27.4 

32.4 

8.4 

13.2 

15.9 

14.2 

21.1 

18.9 


Partially 
sterilized soil 


Emerged Emerged 


49.2 

76.0 

54.4 

78.8 

36.4 

79.2 

78.7 

76.0 

70.0 

81.6 

65.2 

73.6 

50.8 

70.0 

59.2 

77.2 

27.2 

73.2 

80.4 

88.0 

80.8 

82.4 

64.4 

82.0 

58.8 

78.4 

21.6 

76.4 

14.1 

18.8 

10.1 
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mate, silver oxide, and silver orthophosphate. These were pulverized in an 
a{^ate mortar to pass through a 100-mesh sereeii to insure small particle size. 
By sucli means it was possible to apply dosages sufficient to detect any ten¬ 
dency toward seedling injury. To explore further any tendency to cause 
injury, this experiment was duplicated in soil from the lot discussed under 
“Methods.” However, in this duplicate test the soil was partially sterilized 
by the formaldehyde treatment method of CTiitcrman and Massey (13). 



FIG. 5-EMERGCNCE AND SURVIVAL OF SPINACH SEEDLINGS AS .A FUNCTION OF 
TIME A>JO TREATMENT — 250 SEEDS PER TREATMENT. 


Table 6 shows that none of these materials significantly reduced the plant 
stand at 16 days when planted in partially sterilized soil; however, data 
taken during the period of most rapid emergence suggest that high dosages 
of silver chromate delayed emergence slightly. Silver chromate at 4.0 per 
cent dosage gave sufficient protection to result in a final stand comparable 
to that obtained with T.M.D.S.; at 0.8 per cent it was much less effective, 
being nonsignificantly bettor than Ciiprocide in any respect. Silver carbon¬ 
ate, silver orthophosphate, and silver oxide were ineffective in protecting the 
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emerged ])hints afi:ainst post-eiiiory^ence dampiiiji:-olf tlunij^h each, with the 
exception of silver ortliophospliate at 0.2 per eeiit dosajre, offered a consider¬ 
able degree of i)rotectioii tJirough tJie prc-eiriergeiiee period. The iron siil- 
Iihale tested Avas sur])risingly effective in this test, being as elfective as Cni:)ro- 
eide. A further (*onii)arison between T.M.D.S. and Thiosan at approxi¬ 
mately e(pial dosages of teti’amethyl thinranidisiilpliide showed these mate¬ 
rials to be of equal (‘Ifectiveness and to be significantly better than any other 
materials in this test, willi tlie exception of silver ehroiriate at 4.0 ])er cent 
dosage. Witli tljese three materials, the number of plants which emerged 
in heavily infested soil a])proa(died closely|fthe ]iumber which emerged in 

TATU.P. 7.— Svnf prot(ctants on Big Boston h ituec grown in the greenhouse 


Five ie])lieati«»iis of 100 soods. Four repliontioiis of oO seeds, 
])laiited Sept. 20, 1042 planted Nov. 21, 1042 

Dosage IVreeiilage of j»lants Peirejitage iif plants 

Mat«*rial (Per at lo da vs at 10 da vs 



cent) 



- - 

— 

— - 

--- 



Sur¬ 

viving 

Damped 

off 

Emerged 

Sur¬ 

viving 

Danqied- 

ofif 

Emerged 

T.M.i).S. 

4.IS 

09.2 

1.8 

71.0 

00.5 

4.5 

<55.0 

Do 

o.py 

80.2 

1.2 

81.4 

70.5 

0.5 

77.0 

1)0 

0.50 

82.0 

2.4 

85.0 

59.5 

10.0 

/ i).,) 

Do 

0.20 

79.0 

2.8 

81.8 

50.5 

18.5 

09.0 

Do 

0.15 

78.0 

5.2 

S1.2 

<)t.5 

8.0 

72.5 

Thiosnii 

5.25 




50.5 

4.0 

00.5 

Do 

1.05 

81.0 

1.0 

82.0 

5H.0 

10.0 

<58.0 

Do 

0.75 




49.0 

IG.O 

05.0 

Fcrmatt* 

11.90 

75.2 

0.8 

70.0 

57.5 

4.5 

<52.0 

Do 

1.00 

84.0 

o *> 

80.S 

OJ.O 

14.5 

75.5 

Do 

0.50 

77.0 

5.0 

80.0 

55.5 

12.0 

07.5 

Do 

0.5S 

7H.8 

4.2 

78.0 

00.5 

15.0 

75.5 

Do 

0.15 

00.8 

t>.() 

7i)A 

40.5 

12.0 

58.5 

Sp(*rgou . . 

0.2S 

70.0 

2.4 

7H.A 




(.■iiproc ido 

1.82 

95.0 

t) 

95.2 

82.5 

5.5 

8<).() 

No treatment 

Leant Mean Sign. 


55.4 

4.0 

59.4 

20.5 

5.5 

52.0 

Diff. 
per cent 


7.i 

Not 

0.0 

10.1 

8.0 

15.5 

1 ])er veii^ 


9.4 

sign. 

8.0 

21.5 

11.5 

17.7 

- — — 

— — 

- - 

— - - 

— — 

. - — . 

- _ _ 

-- 


partially sterilized soil, thus showing their very great effectiveness in ])rc- 
veiiting prt»-eiiu»rgence <lam])ing-off. 

Tlie transient nature of tlie piolce.tiou offered by most of the silver sails 
is well illustrated i)y silver oxide at 2.1 per eenl dosafre, as plotted in fmure 5. 
With this material a .sfaiid of 52.4 per cent was reaehed on Ihe .sixth day, 
hut this stand Avas redmred by post-emersrenec dampiujr-ofl’ to 25.2 per cent 
by the eitrhtli day and to 10 per eenl by the sixteenth day. That this mate¬ 
rial afPordetl a considerable amount of pre-cmer}renee protection is shown 
by the tctal emergence of 65.2 per cent. Silver chromates, on the other hand, 
when used at 4.0 ])er cent dosage, gave a high degree of in-otection tliroughont 
this experiment, though causing a slight lag iii emergence on the fifth and 
sixth daA s. The e.xcellenl ])rotectioii against pre-emergence dampitig-olf 
provided by silver chromate at 4.0 per cent and by T.M.D.S. and Thiosan 
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is evidon(*etl by the fnct tliat enier<»‘enep with these materials in infested soil 
was equal to the averajj'e einer^'enee witli ail treatments on partially sterilized 
soil (shown as the solid line in fixture 5). 


SEED PROTECTANTS ON LETTUCl^ 

Two trials were eonduetc'd on Hij? Boston lettuce, the data from which 
are presented in table 7. In one of these 100 seeds were planted in each of 



FIG. e.-EMERGENCE OF LETTUCE SEEDLINGS AS A FUNCTION OF TIME 
AND TREATMENT - TOO SEEDS PER TREATMENT. 

live replications; in tJie other, 50 seeds were planted in each of four repli¬ 
cations. 

In these experiments all materials tested ^ave very si^^nilicant increases 
in stand over the untreated controls. Cuprocide, at 1.82 per cent dosage, 
j^rave excellent results in both trials, beinjr sijrnificantly better than most of 
the other treatments. With T.M.D.S. and with Fei*mate, the optimum dosage 
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appeared to be near 0.5 to 1.0 per cent. The tendency towards greater inci¬ 
dence of poRt-emerf?en(*e damping-off at the lower dosages of these materials 
suggests that the lower emergence here probably was due to failure to control 
adequately pre-emergence damping-off. The reduced stands with the high¬ 
est dosage of these materials is believed to have been due to injury to the 
seeds or seedlings. TJie plants in the highest dosage i)lots were dwarfed 
slightly throughout the experiments, suj>porting the probability that injury 
was a factor in this case. 

The data on plant emergence from the combined tests are presented in 
figure 6 and serve to illustrate the greater Ij^iniefits obtained from the use of 
Cuprocid(‘. This figure also illustrates the lower stands when more tlian the 
optimum dosage was applied with both T.M.D.S. and wdth Permate. 

SEKI) PROTECTANTS ON CUCUMBER 

Table 8 ])reseiits the results obtained from tlie us(^ of various protectants 
on cucumber seetl. All treatments tested gave highly significant increases 

TABI/E 8 .—Effrvi of arcd proteclavts on. cnmmhcr phinlrd Fch. ,24, 1943. Hix rcpli- 
calions of 40 arrdfi rneh 


Mail* rial 

Dosage 
(Per C(?nt) 

Percentage of plants 17 d.ays after jdanting 

Surviving Dariiped-off Emerged 

Thiosan , 

0.25 

79.2 

7.1 

86.3 

Do . 

0.12 

77.1 

10.8 

87.9 

Do . . 

0.05 

70.0 

' 13.8 

83.8 

Permate . 

0.20 

74.2 

32.5 

86.7 

Do 

0.10 

78.8 

7.5 

86.3 

Do 

0.05 

70.3 

30.0 

86.3 

Spergon .... 

0 . 2:1 

00.4 

39.2 

79.6 

Do . 

0.13 

02.5 

20.4 

82.9 

Peso,. . 

0.03 

51.7 

38.8 

70.4 

SomeHaii 

0.22 

09.0 

17.9 

87.5 

Cuproeide . 

0.31 

63.8 

19.0 

83.3 

No treatment . . , 


5.8 

32.9 

18.8 

Least Mean Sign. T>iff. 

5 per cent . . . 


16.1 

Not 

9.1 

1 jier cent . .. 


21.4 

sign. 

12.1 


over tlie untreated control in emergence and in the final stand at 17 days 
after planting. Amonp; the treatments only the iron sulphate was sipnifi- 
cautly less effective than any other material at the 1 per cent level. An 
apparent trend toward lower amounts of post-emergence damping-off witli 
Thiosan and with Permate, particularly at the higher dosages, proved to be 
nonsignificant upon statistical examination. The daily progress of emer¬ 
gence and^damping-off for a few materials is charted in figure 7. Here the 
marked increase in stand from the use of any of these treatments is apparent 
by reference to the untreated control. 

CABBAGE SEED TREATMENT 

Since Cuproeide repeatedly has been shown to be injurious to members 
of the Brassicaceae, .a test of some of the newer materials was conducted on 
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figured results ol. a greenhouse test are shown in table 9 and in 

In ^is test, treatment with Thiosan, Fermate, and zinc oxide yielded 
approximately equal emergence of plants. All dosages of Thiosan Id 




^ E r 

/ / .. 

/ // _ 


70 - / ^ // 

// 

/ 

60-' I ’ ' ^ 

•■/ / 


! / 

^!' 

2 Is 

W40- / 

O • 


-thiosan 

~ — SPERGON 

-•— FeS04. I j/S HgO 

—. CUPROCIDE 
— — CONTROL 

E- EMERGED 
S ~ SURVIVING 



“ ® '.2 13 ,3 

—_ _days after PLANTING * , 


FIG. 7.- EMEROE^E and SURVIVAL OF CUCUMBER SEEDLINGS AS A FUNCTION 
OF TIME AND TREATMENT — 240 SEEDS PER TREATMENT 

T^KD.S. resulted in an average emergence of 79.3 per cent, while all dosages 
of Fermate averaged 79.2 per cent. In this experiment post-emergence 

damping-off was so slight that no conclusions may be drawn on this phase 
or protection. ^ 
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FIG 8-EMERGENCE OF CABBAGE SEEDLINGS AS A FUNCTION OF TIME 
AND TREATMENT — 300 SEEDS PER TREATMENT. 

TATlIiK 9.— Efffcl of srni prolrrtafils on cubbiun phivL d Sow /;. Su' rrpH- 

roliomt o/ /iO scads rack 


Matorinls 

Do.saj>:<‘ 
(Per cent 

T.M.D.S. 

(l.rili 

Tliiosaii . , 

n.ii 

T)o 

].J« 

Do . 

O.S(> 

Do . 

(1.45 

Do 

0.2.) 

Derma te 

.5.21 

Do . 

O.O.") 

Do . . 

0..52 

Do ... . 

0.27 

Do .... 

o.ir> 

8perj]foii 

0.:52 

Zinc oxhli*- 

2.-40 

Somesan 

0.42 

C-uprocide 

2.03 


No t root in out 
TiOJist Monii Diff. 

■) per cent . . ,, . 

1 per eeiil 


•rcciita^jc 

of ])lants 23 da vs afti 

•r jdaiitiiij; 

Survivin; 

L" I)ain])ed-off V 

oner^ed 

S.3.3 

1.7 

So.O 

77.3 

1.0 

78.3 

77.0 

2.0 

79.0 

78.3 

•> 

80.7 

70.0 

0.3 

7i>.3 

73..3 

4.3 

77.7 

84.3 

0.'3 

84.7 

70.3 

1.0 

80.3 

79.0 

•i.ti 

82.7 

72.7 

2.3 

73.0 

72.7 

1.0 

73.7 ■ 

71.0 

1.0 

72.0 

77.0 

n.O 

77,0 

71.0 

1.7 

72.7 

39.0 

4.0 

6.3.0 

r>r).3 

2.0 

o7.3 

7.0 

Not 

0.3 

9.3 

sijril. 

8.4 
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FIG.9.- CMCRGCNCE OF CARROT SEEDLINGS AS A FUNCTION OF TIME 
AND TREATMENT — 250 SEEDS PER TREATMENT 

Treatment, with S])er<>:(m and Avitli Semesaii, at l•p<'ommende(l dosapres, 
resulted in sliprlitly lower enierfreiiee Ilian did treatment with Tbiosan, Fer- 
mate, and zine oxide. The daily |)ro<rr<*ss of emerR-enee Avith Sjierpron. fipr- 
nre 8, was very similar to that of Seinesan (not shown). 


T \JiJjT] -Kfft vi uf seed proft cfnnts on carrot pJanlfd Apr, (], 1043, Five rcpli- 
raiions of 30 sceda each 


Mntcriijls 

P(is:i(;i' 

(Per (•(■Ilf) 

IVrcentaf^e of ]»laiit.s 20 days after plantiiijr 

Siirvivintj Damy)ed-()ff Emerged 

Arnsjin 

2.24 

58.0 

0.8 

58.8 

Do . 

i.T« 

58.0 

1.2 

59.2 

Do . . 

0.54 

42.0 

2.0 

44.0 

Do 

0.20 

42.4 

J.O 

44.0 

Dormotc .. , 

4.75 

55.0 

0.0 

55.(5 

Do 
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Do 
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1.0 

49.2 

Do 

0.27 
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53.2 

Sporjjoii 

0.30 

55.0 

2.4 

58.0 

Soinosnii 

0.42 

50.0 

4.0 

00.0 

Cuprocido 

2.28 

52.8 

1.6 

54.4 

No trojitmcjit 


40.8 

2.4 

45.(5 

Lp.'iHt Mean 8ipii. Diff. 
r» j>er cent . 


7.70 

Not 

7.0 

:i ])er cent 


10.38 

sign. 

10.2 
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Cuprocido, in this test, resulted iu einerf^ence sif^nifieaiitly lower than 
that iu any other treatment series and the emer^eue.e was not sifjfnificantly 
higher than that wilh no treatment. 

CARROT SEED TREATMENT 

A single experiment was eonducted on the treatment of carrot seed. For 
this trial Arasan Avas available and, since this appeared to be the form in 
which tetramethyl thiuramdisulphide would be marketed as a seed treatment 
material, it was substituted for T.M.D.S. and Thiosan. 

In this experiment, only ArasaJi at 0.5 p^^* cent or lower dosage failed to 
give appreciable increases in jdant emergeifcc and survival (Table 10 and 
Fig. 9). Arasan and F(*rniate at dosages of 1.1 per cent or higher, Spergon 
at 0.3 per cent, Semesan at 0.42 j)er cent, and Cuprocide at 2.3 per cent all 
offered such protection that both the emergence and the survival of plants 
wen* sigJiificantly better than those of the controls. 

The incidence of i)ost-emergencc damping-off was low in this experiment 
and no significant differeiii'cs in its control were obtained. 

TOMATO SEED TREATMENT 

Arasan, TJiiosan, Fermate, Spergon, Cuprocide, and tah* were tested on 
tomato seed in a single trial Here dosage rates were achieved by dilution 
of the treatment material. The data from this test art* not presented since 
an excellent stand of plants was obtained regardless of treatment, the t*on- 
trols being nonsignificantly i)oorer than any of the protective treatments. 

DiscussroN 

In these studies the i)ractice of making fretpient counts of healthy and 
of daniped-off seedlings has permitted graphic portrayal of the response to 
the use of various seed protectants. Spinacli, being highly susceptible to 
damping-off both before and after emergence from the soil, was found to be 
especially suited to the testing of new materials. 

Under conditions of temperature and moisture favorable to attack by 
Pythium ultimum, Arasan and tiie other t<dramethyl thiuramdisulphide mix¬ 
tures proved to bo A^ery effective protectants against i)re-emergence damp¬ 
ing-off. They Avere more effective than the already Avidely used Cuprocide, 
Spergon, and, where tested, Semesan. However, the most striking effect of 
Arasan and of related materials has been found in the high degree of pro¬ 
tection they have offered against post-emergence damping-off. This con¬ 
tinued protective A'aliie promises great effectiveness where seed germination 
is long-delayed by unfavorable weather conditions. The effect of Arasan in 
protecting against such unfavorable weather conditions is directly propor¬ 
tional to the dosage applied and it, therefore, is important that seeds not only 
be treated but that ade(juate dosages be used. 

Fermate approaelied Arasan closely in its effectiveness against both pre¬ 
emergence and post-emergence damping-off. However, the black color of 
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this material, as compared with the pink color of Arasan, offers a disadvan¬ 
tage where seeds are not to be machine planted. In hand seeding it is very 
difficult to determine the spacing with Fermate-treated seeds due to their 
ijiconspicuous color. 

Cuproeide was reasonably effective in preventing pre-emergence damp- 
iiig-off, but this protection lasted for a very few days. After emergence, 
plants from Cuprocide-treatcd seeds frequently were as subject to post- 
emergence damping-off as were seedlings from untreated seeds. 

Spergon, when used on si)inach at dosages recommended by the manu¬ 
facturer, was inadecpiate under the conditions of these tests. Its low effec¬ 
tiveness on spinach is in agrec^ment wuth the findings of other workers. 

The use of duf)lic.ate plantings in partially sterilized soil offers a method 
of differentiating bet\veen low emergence due to chemical injury to the seed¬ 
ling and low emergence due to poor protection against pre-emergence damp¬ 
ing-off. 

SUMMARY 

1 . study was ma<le of the value of numerous chemicals in combating 
damping-off when dusted on vegetable seeds. Particular attention was given 
to refinements in technique so that the relative values of the materials and 
dosages could be compared more ])recisely. Plant counts at frequent inter¬ 
vals permitted study of the influence of the protectant material on the 
control of damping-off at different stages in the development of the seedling. 

2. Arasan and other mixtures of tetramethyl thiuramdisulphide were the 
most effective of the seed protectants tested, except wdth lettuce. Their pro¬ 
tective influence (continued into the seedling stage to a greater extent than 
occurred w ith the previously used seed protectants. 

8 . The ])rotective value of Arasan and of related materials was in direct 
proportion to the dosage ap])lied. 

4. Fermate apj)roaclied Arasan in effectiveness as a seed protectant. 

5. The i)rotective effect of Cuproeide was dissipated within a few days 
under tlie conditions of these tests. 

6 . Silver chromate at very high dosages offered good protection; silver 
oxide was protective for a very few days. 

7. Spergon Avas low in protective value. 

8 . Seed treatment with Arasan was successful wdth spinach, cucumber, 
carrot, cabbage, and tomato. On lettuce both Arasan and Fermate were 
less beneficial than Cuproeide, the data indicating that Arasan and Fermate 
were injurious to lettuce. 

West Virginia Agricitltural Experiment Station, 

Morgantown, West Virginia. 
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A STUDY OF THE OCCURRENUE OF PHOMOPSIS AND OF DIP- 
TiODlA ROTS IN FLORIDA ORANGES TINDER VARIOUS 
CONDITIONS AND TREATMENTS 

K. W. L0U(3KS1 and E. F. HOPKINS'-i 
(Accepted for publication eTunc 3, 1946) 

Although stcm-eiid rot of oranges is usually considered as one disease, 
it is well known that two causal organisms, P^omopsis ain Faw. {Dntjtorihe 
citri (Paw.) Wolf) and Diplodia natalcnsi! Evans {Physalospova rhodina 
(B. & C.) Cke.), are involved. Either organism alone is capable of ])ro- 
ducing the characteristic rot and because of the similarity of symptoms it is 
nearly impossible to tell by macroscopic examination which organism is 
causing stem-end rot in an individual fruit. 

To gain insight into the action of each of these fungi, observations were 
taken ajjd isolations made at weekly intervals from all the fruit suspected 
of having rot among 850 separate samples of oO fruits each. These samples 
were taken from ap])r()xiinately r2r> diffVrejit t(*sts wliicli were set iij) to 
study various phases in stem-end-rot control. Th(‘se tests took into 
sideration such factors as appear in (1) the groves, (2) ]>ieking, (2) })aek- 
inghouse oi)erations, and (4) storage. Most of the investigations dealt 
with here are related to the third group. The samples in the vai'ious similar 
tests were so arranged that the data obtained could be treat<Ml statistically 
by the analysis of variam^e method. The 5 pec cent level of pi*obability was 
chosen as the criterion of significant differences. 


EFKKCTS OF GASSING, DEBUTTONING BY VARIOTtS JVIETUODS. 
AND BORAX TREATMENTS 


In an experiment, consisting of 16 tests obtai?u*d from 4 replications of 
each of the varieties, llainliu. Parson Brown, l*ineappl(‘, and Valencia, 
throughont the i)ieking season, reported by Hopkins, Loucks, and Steai*ns,*' 
a study was made of the effect of various treatmejits, aj)]died both sepa¬ 
rately and in combination, on stem-end rot. The single treatments wei*e: 
gassing with ethvlene, for 48 hours at 85^ P. and 90-per cent relative 
humidity, at a eonceritratiou comparable to that used in commercial gassing 
chambers foi* degreening orang<*s; removing buttons after 48 hr. gassing; 
soaking in a 5 per cent solution of borax for 5 min. at 110'' P. and liot 
rinsing off except wliere especially noted. Borax was applied before and/or 
after gassing. Only those combinations that appeared likely to be effeetive 
were tried. Phontopsis and LHplodia were isolated from deeayed specimens 
of the CO fruits used for eaeh sample: the percentages of emdi fungus that 


! Aasociilte Plant Patliolo^iat and 

2 Plant Ph^aiologiat, Eoseareh Division, Plorida Citrus Coniinissiou 
J Hopkins. E. P., K. W. Loucks, and 0. K. Stearns, Jr. A stndv'of eertain meth 
ods for the control of stem-enrt rot and blno mold in oranges. J*roc. FUi. State Hort. Soc. 
6V: 87~98. 1944. 
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developed within three weeks after treatment are iiidicated in figures 1 
aJid 2, respectively. 

The least diiferencc necessary for significance among the results for 
Phomopsis is 5.2 per cent, and for Diplodia 8.6 per cent. In the figures all 
treatments designated by the same letter are of etjual importance so far as 
the development of the fungi is concerned. For instance, the difference 
between the average percentage of Pliojnopfiis present in 3 weeks from 
Treatment 11 was not significantly different from that with Treatment 1, 
but it was significantly different from Treatment 12. Likewise, Treatment 
12 was not significantly different from Treatment 8 but was from Treat¬ 
ments 10 and 4. As there was a possibility that longer storage might change 
the picture, the data for 5 weeks were similarly analyzed, but the results 
showed that the general tr(‘iid w^as still the same as at 3 weeks. 

Because 3 weeks is considered to be the nean^st representation of the 
av(‘rage time which elapses from picking a commercial fruit until it is con¬ 
sumed, the results aft(*r 3 w'eeks are the ones given the most consideration 
and rei)orted in this paper. 

Debuttoning effectively controlled Phomop.su (Fig. 1). If the buttons 
were not removed, borax, alone or used in the various combinations, was 
no better than the ungassed check (Treatment 8). When used wdth gassed 
fruit, either before, or before and after, the ethylene treatment, borax re¬ 
duced the amount of Phomopsis. With only the gas treatment, more 
Phomoj)sis develo])e(l than in the checks. When the buttons were removed 
from borax-trelated fruit, the* effect of gassing was overcome. Borax applied 
before gassing fruit with buttons left on w^as not better than borax applied 
after gassing for controlling Phomopsis. 

Debuttoning also was very effective in reducing Diplodia (Fig. 2). 
Borax ajiplied before, or before and after, gassing was effective in reducing 
Diplodia if the buttons were left on. If the buttons WT.re removed the 
effect of borax, if any, was masked by the good cojitrol atlendant upon 
button removal even though the fruit w’as gassed. Gassing fruit or leav¬ 
ing the buttons on ijicreased the amount of Diplodia. 

Another experiment wdth 4 replications from tlie varieties Valencia and 
Pineapple was set up to test the various methods of partially or wholly <le- 
buttoning oi*anges for stem-end-rot control. These w^ere also combined with 
the borax treatment befoi'c and after gassing, and the borax treatments 
W’ere either left on or w^aslied otf. Seventeen predetermined treatment com¬ 
binations, as show’ll in figures 3 and 4, w^ere used. The various button treat¬ 
ments were as follows: 

(a) Button left intact by (dipping the fruit. 

(b) Calyx removed by jmlling fruit or by a drill-press reamer. 

(c) Button completely removed by hand after gassing fruit for 48 hours. 

Other treatments were the same as in the previous experiment except 

that wnth some of the combinations with borax treatment the borax was 
washed off after the fruit had soaked for 5 minutes. 
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Fig. 1 tiikott(;h 4. of PhonwpftU (Fijr. 1 aiul :\m\ of Diplodia (Fi^j. 

2 and 4) duriiify 3 weeks in storaj^o after various fruit treatments: Horax, 5 per cent 
solution, at F. for n minutes (Bor) and solution left on fruit (\j O) or washed off 

(\V O; ; irasHinpf wilh ethvlene for 48 hr. at Sri” F. and 90 ])er ecuit relative liuinidity 
(CyiJ ; All buttons left on fruit (+13) or removed (- H) ; Calyx left intact (+CM) dr 
removed (—(^'ll) 'wlien fruit nas picked by pulling or csilyx removed ])v reamer in drill 
press (1>F) ; Fruit picked by clii)])ing (C-lip). 

Treatments desijjiiated by the same letter are of (*qual value. 
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The data for the 3-week periods wore used to obtain the information j)ro- 
s(Mited in figure 3 where the various treatments are arranged in their order 
of rank in controlling Phomopsis, The least difference necessary for sig¬ 
nificance between treatments at the 5 ])er cent level is 5.9 per cent. Treat¬ 
ments that do not show this difference are designated by assigning to them 
the same letter. The striking result is that no matter how the calyx is 
removed, wlietlK^r by pulling or by removing the entire button, or by ream¬ 
ing, Phomopsis was reduced very significantly regardless of what other 
treatment or treatments were combined with the debuttoning. Phomopsis 
was not increased by gassing. Pulled fruit with the calyx left on was not 
different from clipped fruit (calyx on). Among the various treatments in 
which borax was used there was not sufficient difference to determine the 
efi'(Hd. of borax, and nothing was dednciblc concerning borax left on as 
against borax washed off. 

Jn figure 4 is presented the same information about DiplotUa. Here the 
(‘orresponding least difference between the averages of the percentage of 
Piplodia ne(‘cssary for significance is 15.4 per cent. The lack of differences 
is designated by letters in the same mannei* as in figure 3. 

Most striking is the fact that fruit that lost its calyx when pulled from 
the trc(* was very susce])tiblc to Diplodia when subsequently gassed (Pig. 4). 
Ethylene apj>rK‘d to fruit that had its <‘alyx intact also was very active in 
increasing Diplodia. This effect of gassing upon Diplodia was not overcome 
by removing the calyx by pidling the fruit, even if borax was aiiplied after 
the gassing and left on. It Avas suc(M*ssfully ('ounteraeded only by removing 
buttons or by rcjiioving tli(‘ buttons and then treating the fruit Avith borax 
(even though it Avas Avash(*d off) aft(*r gassing. Calyx removal by any of 
the methods used had no effect on J>ip/odia. 

No matter Iioav th<» fruit Avas otherAvis«‘ treated, gassing did not signifi¬ 
cantly increase Phonufpsis but Avith fcAv exc<‘i)tions did V(*ry substantially 
increase Diplodia. AVhen the fruit AAas debuttoned after gassing, but not 
otherAvise tn^ated, the elfeid of gassijig Avas overcome. Some of thes(‘ same 
r(‘sults haA^c been r(‘])oi*ted l)y Hrooks/ Voorhees, ' and otiuu's. 

(X)RREIiATION UMTWKEN 0(’(’t:RRi:X(’E OP PilOMOPSlS AND DIPLODIA 

Prom 170 sampl(*s of 50 fruit each, Avhich Avere ])icked under similar con¬ 
ditions and used as cluM'ks for that many separate expi^riments, data Avere 
obtained concerning the development of Phomopsis and of Diplodia to deter- 
iiiiiie th<‘ir interrelationshir). Storage ('onditions Avere not comparable for 
all samples, but aside from that the fruit Avas all treated alike. The fruit 
Avas picked by clipping, randomized into samples, and immediately placed in 
storage. The varieties Hamlin, Parson BroAvu, Pincapjilc, and Valencia 
were represented. 

4 Brooks, Charles. Stem end rot of or;ingcs and factors ufTocting its control. 
Jour. Agr. Bos. [IJ. S.J 68: 1944. 

•''‘Voorhees, R. K. Investigations of melanose and stem end rot of citrus frnit. 
Ann. Rept. Fla. Agr. Fxp. Sta. p. ] 88-191. 1944. 
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TABLK 1 .—BciinuxiuH nml lornlation vmffieUntx, tihtaimd from llie daiu from -f 
varietiex of oraujiis, xhoirinn Ihc loci: of inirrrrlationship hrlwi i'ii PUomopsis ana JHploata 

Bc^rcssion Correlation 

Cocfliciciit ('oefticient 


0.321 0.212 

0.143 0.143 

0.041 0.038 

O..'!!.'! 0.347“ 


“ Only data from tlio Valonria oraiijres slioAvcd sifjiiitiraJit correJ.MtJon between tlie 
oecurrenoe of riiomopsh and of inploHia. 

Wlieii th<* data from all A’ari(‘li<‘s were eoiiibineil to form a correlation 
table to test relationship between o(*eiirren(?e of Phoniopsts and Diplodia 
based on results after -‘1 weeks in storage, the linear rej^ression line had a 
positive trend but the points were too scattered for the correlation to be 
significant. 

The linear regression was applied to data from each variety separately 
and the coefficients of regression and eorrelatioji coefficients are shown, in 
table 1. These data indicate that Avliatevcr combination of factors produced 
an increase iji ojie of the (‘aiisal organisms did Jiot caiist* a de(*rease in the 
other and there is no in*oof that the eonverse is 1ni(‘. Apparently there 
is no inteiT<‘lationship between the two organisms. 


V.Trietv 

Kaitiliii 
Parson P.joavii 
Pineapple . 
Valenein 


llUJlt VKRSrs Lf)W KKnATJVn IIUMIOITV 

An experiment was designed to test the intiiicnee of relative humidity in 
the storage room iii)on the rate of doA^cdopment of Phnnwpsis and of 
Diplodia. Four samples of each of the varieties. Hamlin, Parson l^rown, 
Pineapple, and Valencia, Avere obtaijit*d on March 17, 1944. One-half of 
the samples from eaeh A’ari(‘ty Avas i)la('ed in each of tAVO storage rooms. TJi(‘ 
temperatures and relative Jiumiditi(»s of the two rooms Aver(* controlled and 
obtained as shoAvii in table 2. 

The low liumidity room was lield at To -h O'’ F. and a relative humidity 
of 90 i 4 p^ / cent. 

Isolations of Plnmiopsis and DiplofJia Avere obtaint‘d fnmi the rotten fruit 
at Aveekly intervals fFig. o). It Avas found that th(‘ ](‘ast differeiiee neces¬ 
sary for significanee at the .1 per cent level of tlie 9,-Aveek and 5-Aveek periods 


TABLE 2 .— 7 V nihm 


oii<! nlatiw humUhtirs maintuhud in I'm 


atorfUfv TiKuns 


Mcasurenieiits 


Low Ininiiditr room 


High Inimidilv room 


Kelativp Temp., 

Ijiimiditv degrcps 

(tvr cent) p. 


Kelative Temp., 

humidity degrees 

(l^-recn't) F. 


Acerfige of 5 wcokfr r>t) 

Bange of weekly ave. ± 7 

Barge of the Absolute Max. 

and Min. ±l]-2<5 


7 r > 

±0 

±:v2 


1»0 79 

±4 ±3 

+ 0-29 +10-18 
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was 10.7 per eeiit and 10.1 ])er eeiit, respeetively, for Diplodia; and 11.9 i)er 
cent and 15..‘1 per cent for Pfiomopsii.s, The difference in amount of 
Phomopsis present in the two rooms was nonsignifieant. Tiie amount of 
Diplodia which developed in the rooms was different to an extent which was 
highly significant. The conclusion is that, for 5 weeks, thi‘ high humidity 
in the storage room eaiLS(‘d an im^rease in tin* amount of Diplodia but not 
Phomopsis. 

The development of Phomopsis and Diplodia was determined in fruit 
that was wet after it was picked and before it was storeil. Samples of 50 
fruits of the four varieties wer(* soaked in water for periods varying from 
5 to 110 minutes. At the end of ‘1 weeks in storage there were no significant 
changes in the numbers of fruits rotted by the two fungi as a result of the 
soaking. In 15 experiments an average of 10.07 fruits were rotted by 
Phomopsis among the soaked fruits and 7.0 among the fruits not soaked, 
while 7.0 fruits were rotted by Diplodia among the soaked fruits and 5.0 
among those not soaked. The least differences necessary for significance 
were J1.26 for Phomopsis and 2.4.3 for Diplodia. 

(lassing with ethylene for 48 hours had no significant effect on develop- 
me»»t of Phomopsis in stored fruit of the four varieties, but the Diplodia 
increased by an appreciable amount. In 50 fruit samples in 25 experiments 
th(' average number of fruits rotted by Phomop.^is was 6.9 for gassed fruits 
and 5.5 for clie(*ks, and the least difference necessary for significance was 
1.94. The average number rotted by Diplodia Avas 13.9 for the gassed fruits 
and 6.0 for the checks, the least difference ne(*essary for significance being 
3.31. An F Amine of 22.4 Avas highly significant. 

KFPi:(T OP DUniENYIi AVRAPS 

Tn an experiment arranged to test the action of diphenyl Avraps in con¬ 
trolling stem-end rot on oranges in Amrious combinations of manner of pick¬ 
ing and gassijig, information was collected relatiAm to the rate of dcATlop- 
nient of both Phomopsis and Diplodia. The fruit was not subjected to a 
packinghouse process and Avas stored at 75° F. at about 75 per cent relathm 
humidity. The Amrions treatments and results obtained b\' analysis of the 
data at the 3-week iieriod for variances are in figure (>. The treatments were 
arranged in the order of their rank of importance in alloAAing Phomopsis 
to doA'clop. The least difference necessary for significance at the 5 i)er cent 
hwel is 7.5 per cent. It is CA'ident that the Avraps were not effectiA^e in con¬ 
trolling Phomopsis. Tn all cases there Avas a significant loAATring of the 
incidence of Phomopsis in ])ulled fruit as com])ared with cli])ped fruit. A 
comparison of ti’eatments 9, 10, and 6 to determine the difference in amount 
of Phomopsis caused by various methods of removing the calyxes shows that 
there is no difference. In this experiment gassing had no effect on 
Phomopsis. 

The development of Diplodia in the same lots of fruit and the results 
obtained in these data are shown in figure 7 Avhere 8 per cent is the least 





o o 

9 1C 42685137 ^5i?io 94837 


Fiqure 6. Fiqure 7, 

Fjo. 5. Rale of (lovcloimiciit of 1‘lwiiiojmx aiul of ViiMm on finit in storaiie I'oouis 
IiaviuR PO per cent i-.-latlv.' humidity (ir.ll.ir.) or 5(i per coiit pclativo humidity (L.R.ll.). 
U'ast ihfforonsp noc-osaiiry for Mi(ruiticaiicc for /’hompoxin at 3 weeks, ll.P per cent- at 5 
weeks, 15.3 per rent; for nipiodia at 3 weeks, 10.7 per eeiit; at 5 weeks, 10.1 ])er cent. 

Figs. 0 ai^d 7. Development of riioumpxis (Fig. 0) and of mplodia (Fig. 7) during 
3 weeks in storage after various fruit treatments: Fruit jfieked hy clipping ((Hip) or l.v 
j)ulliiig (Pul); All buttons left on 15> or calyx removed l.v reamer in drill lircss (DP)’- 
Fruit gassed with ethylene for 4H hrs. (C,ll,); Individual (liphenyl wraps on fruit (W)’ 
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difference necessary for significance. The wraps caused no difference in 
the amount of Diplodia present during 3 weeks in storage. When the fruit 
was not gassed there was no difference between pulled and clipped fruit. 
Wlien the fruit was gassed, buttons left on, and fruit wrapped or un¬ 
wrapped, there was less Diplodia in the pulled than in the clipped fruit. 
Oassing increased the amount of Diplodia in all cases except where the fruit 
was pulled and not wrai)ped. 

SUMMARY 

From api)roximatel;s' 4,000 isolations made from 850 separate samples 
of 50 fruits each, records were kept of the incidence of Phomopsis citri and 
of Diplodia natalefisis as they occurred with various treatments. The fruit 
harvest was spread over the entire picking season and included the four 
main varieties of oranges, Hamlin, l^arson Brown, Bineapple, and Valencia. 

The samples were subjected to such treatments as: debuttoning, gassing 
with ethylene, soaking in borax, wrapping in diphenyl-impregnated paper, 
decalyxing by various methods, storage in high and low relative humidity, 
and various combinations of soim^ of these treatments. The experiments 
were set up in such a manner that the data could be subjected to statistical 
analysis. 

The 5 per cent level was chosen as the level of significance and with each 
exiieriment the least amount necessary for a significant difference between 
treatments was determined. 

There was no correlation between the occurrence of Phomopsia and 
Diplodia in the same fruit. 

Th(‘ incidence of both Phomopsim and Diplodia was reduced by debutton¬ 
ing, and by tr(‘atm(*n1 Avith borax before, or before and after, gassing, 
liemoval of only the calyx, not the entire button, reduced Phomopsis but not 
Diplodia. Oassing Avith ethylene did not control the fungi, and the inci¬ 
dence of Diplodia actually increased after gassing. 

Borax alone reduced the incidence of Diplodia but not that of Phomopsis. 
Borax applied to gassed fruit, either before, or before and after gassing, 
also reduced the incidcjice of Diplodia. 

Wetting the fruit after picking had no effect on Phomopsis or Diplodia. 
However, a high relative humidity during storage increased the amount 
of Diplodia. 

Storing fruit in diphenyl treated Avraps did not affect either of the fungi. 

Citrus Experiment Station, 

Lake Alfred, Florida. 



BACTEUIAL LEAF BLIGHT OF BJKD’S-NEST FERN 


P K T K R A . Auk and C . M. T o m v k J k s 
(■Ar<-cpti‘fl for pnhliriitioii .Tunc 7, TS>4()') 

Bii'd’s-nost tVrii (Aspleuimn uidus L.) is grown on a large scale iu com- 
nvn*eial greenJioiises in the San Francisco Bay region ot California. 

Th(» writers' i)reJiininary report on the bacterial disease of birdVnost 
f<‘rid is, a])f)arently, the first j*eeord of a baet/j-rial disease of ferns. 

Bird’s-nest ferns require two years to produce and arc maintained in a 
constantly moist substratum in greenhouses in which high humidity and air 
temperature constantly prevail. Th(»rc may be a rapid spread of the 
<lisea.se, often ]*esulting in an e|)iphytoti(*. Losses to individual growers 
have in some seasons exceeded tcni thousand dollars. 

The disease starts as small, water-soaked, 1 ransinceiit spots on any part 
of the frond, but usually on the upper surfac(‘ (^Fig. 1). Infection may 
also occur througli the wat(ii* jmres on the api(*al end of the frond. Under 
warm atid humid (‘onditions, tin* spots enlarge^ rapidly, soon involving the 
whoh‘ frond. Fre(|n(mtly, th(‘ ImctcTia invade the crown and quickly kill 
the plant. Necrosis of oiu' or more fronds ruins th(» symmetri<*al appear¬ 
ance of the i)lant and thus nniders it unsaleable. 

Ttie causal organism was readily isolated by macerating small bits of 
diseas(‘d tissue taken from the advancing margin of a lesion iu sterile dis¬ 
tilled water and i)lating out in potato-dextrose-pe]done agar, on which the 
])acterium develojanl promptly and luxuriantly. 

The pathogenicity of the isolat(‘d organism \Nas i)roved in the following 
manner. Two isolates, one from an infection on the upper part of a leaf, 
and another from aji infect( m 1 <‘rown, were grown on potato-ilextrose-peptoue 
agar slants at 2S“ C?. After 24 hours, tie* growth Avas; Avashed otT with sterile 
distilled water (and poured) into a sb rilized DeVilbiss atomizer. Small, 
healthy, bird’s-m\st ferns, grown in ])ots and tested for any chance infectioji 
by prolonged incubation in a moist-chamber, were inoculated. Before inocu¬ 
lation, the ferns were held iu a large, glazed, jiioist-(*haniber with high humid¬ 
ity (90 per cent) foi* 24 hours, ai)i)roximating that used by nurserymen. 
After spraying with the iiKxuiluiii, the* ])]ants w(*re r(*turuefl to the tightly 
closed nioist-chaiiiher. The aii* leniperatnre in the greemhouse fluctuated 
from to 90® F. The first symptoms of the disease a])peared as minute, 
Iraiislueenlv dots on the lower surfa(*e of frojids after three days. They 
increased rapidly, soon forming the large, translucent areas typical of the 
disease. When tIk* ferns Avere kept in the moist-chamber 7 to 10 days 
fronds 3 inehes in length Avere d(‘stroyed. When the ferns Avere transferred 
to a dry at.mr>sph(‘re the disease avhs i)romptly inhibited and there was little 
or no spread unless ovcu'head Avat(‘ring was practiced. The check plants 

1 Ark, P. A., mid C. AT. 'J'onipkins. BafteriMl tliHonHcs of plantK in California in 1945. 
r. S. Agr., 7*1. Pis.. Roptr. 30; L*S -‘J9. liMd. 
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held under idcntieal conditions and sprayed ivitli sterile distilled water in a 
separate moist-eharaber, remained healthy. Beisolatioiis from sprayed 
plants yielded isolates whieh were identical with those used in the baeterio- 



Fig. 1. Bactmal Joaf blijrht of birdViiost foni. Asphnnnh ttidnjt L. Uifferont 
stajjos in tlie dovolopmoiit of the light, wnter-soakcd losioiis on th.? 1omvc*s. At lower right, 
bottom row, liealthv loaf. 

logicjal studies and ])rodii(*ed, on iiiociilaticai, typical symptoms of the 
disease. 

Six different isolates of proved pathogetiieity and three reisolates were 
used in determining the baeteriologieal eliaraoters of the pathogen. Stand- 
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ard media and teohTii(|ue were nsed as described by the Society of American 
Bacteriologists.* 

The bacterium is a short rod, 1.2-2.4 p x 0.3-0.5 m ; Gram-negative; 
motile by means of 1 to 3 polar flagellae. On potato-dextrose-peptone agar 
plates, the organism grows rapidly, forming smooth, entire, flat colonies 
which rapidly increase iii size. On beef-extract-peptone agar slants, the 
growth is grayish-white, with fluorescence in the medium. On potato- 
dextrose-peptone agar slants, growth is rapid, heavy, strongly grayish-white, 
butyrous; the medium darkens with time. Nutrient broth (beef-extract- 
peptone) is turbid within 24 hours; no pellicP?; crystals arc observed with 
age. There is no curdling of skimmed or litmus milk. In litmus milk, a 
white precipitate is observed on long incubation. Indol is not formed in 
Dunham’s solution. Ammonia is formed in peptone-glucose-dipotassium 
phosphate media as suggested by Hansen.'^ Nitrates are not reduced to 
nitrites. is not formed in Bacto lead acetate agar. In tubes of 

Fermi’s solution, previously sterilized by autoclaving for 15 minutes at 
15 pounds pressure, to which the following sugars, previously sterilized by 
filtering through FF sindered filters, and inverted Dunham fernnmtation 
tubes were added, acid but no gas is formed from the following carbohy¬ 
drates: dextrose, sucrose, maltose, arabinose, xylose, glycerin, galactose, and 
fructose. Very slight acidity develops in lactose broth oji long incubation. 
Wry scanty growth occurs in raffinose broth, and no acid. Good growth 
occurs in the following synthetic media: Soc. Amer. Bact., Fermi’s, (John, 
and Uschinsky. Starch is not hydroly/ed. (Jelatin is liquefied. The or¬ 
ganism is a facultative anaeiobe. Thermal death point, 50° tJ. The 
organism develops at temperatures from V to 34° (\, with optimum groAvth 
a1 22"-;}0° C. 

The name Phytomouas asplenii n. sp. is ])roposed. 

Control of this disease is entirely dependent uj)()ii sanitation and good 
cultural conditions. The j)athogen can be intr(»duced into the brick-dust 
medium uscil for i)r()pagatioii purposes on fei*n spores taken from old 
fronds of infected i)lants. Therefore, in propagating, spores should be 
taken only from healthy plants. Where the disease is present it is im¬ 
portant to destroy all plants with symploms and to grow the healthy plants 
under drier conditi<ms. The brick-dust and ratsnest (a natural forest 
compost), flats, and pots should be steam-sterilized. 

When the prothallia and yoinig plants are being transplanted, they 
should be handled witli forceps whiclj are frecpiently flamed in alcohol. 

Tests in several commercial greenhouses in San Francisco over a period 
of two years proved conclusively that sanitation and improved cultural 
conditions will yield healthy bird’s-nest ferns. 

^ Society of American Bacteriologists. Manual of iriethocis for pure culture study of 
bacteria. Jjeaflet TI. Preparation of media. 9th ed. 3944. 

3Haiwcn, i’-A. The detection of ammonia iiroduetion bv bacteria in agar slants. 
Joar. Bact. 19 : 223-229. 1930. ** 
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SUMMARY 

1. A bacterial disease of bird’s-nest fern causes serious losses in green¬ 
houses in central California. 

2. A bacterial organism isolated from the advancing margins of the 
lesions proved pathogenic upon inoculation and was readih" reisolated. 

3. The causal organism is described and the name Phytomonas asplenii 
n. sp. is proposed. The colonies are grayish-wliite. The organism is motile 
by flagellae attached to one pole. 

4. (V)ntrol measures cf)nsist of strict sanitation involving steam-steriliza¬ 
tion of the brick-dust and ratsnest media, flats, and pots, the use of sterile 
forcei)s in transplanting, and avoidance of excessive watering and too high 
humidity in the greenhouses. 

Division ok Plant Pathology, 

University of ('AiiiKORNiA, 

Berkeley, California. 



WITCHES’BROOM OP ALFALFA IN NORTH AMERICA' 


J. D. Menzies® 

(Accepted for publication June 10, 1946) 

INTRODUCTION 

The witeh(‘s’ broom disease of alfalfa {Medicago sativa L.) has been 
roeojjfiiized in the I’nited States sinee 1925. A disease of the same name and 
syjiiptoiuolofiy also oeeiirs in Australia where it has been studied in detail 
by Edwards (5, (>). The disease in America h&s received very little atten¬ 
tion because of its sporadic occurrence and minor importance. Recently, 
liowcver, it lias become a serious problem in localized areas of Washington 
(15) and of British Columbia (2) in (^anada. Edwards showed that the 
Australian witches’ broom is a virus disease, transmissible by g:raftin5T but 
not by mechanical means. The present studies w’ere undertaken to clarity 
the relationship between the American and Australian alfalfa witches’ 
brooms and to further investijrate methods of transmission. 

IIISTORV AND DlSTRinUTION 

Most of the previous references to alfalfa witclies’ broom in America 
are records of occurrence only, with occasional descriptions of syini)toins. 
Althouf>:h most re])orters considered the symptoms to be indicative of a virus 
disease, it was not until Heald and Wellman (10) reportol jri'al't transmis¬ 
sion in 1939 that this belief received experimental support. 

The first North Amerit^an I'ccord of this disease a])j>ears to have been a 
report by Haskell (8) of a witches’ ^>rooni on alfalfa in Idalio in 1925. 
According: to Richards (l(i) the disease appeared in Utah about the same 
time. In 1932, in a brief report, Foster (7) mentioned the occurrence of 
witches’ broom in two widely separated areas in British Columbia. Other 
reports show that the disease Avas first found in Washin^don in 1934 (9) and 
in Alberta in 1940 (4). It has been found occasionally in the ITmatilla 
Valley of Oregron but the history of witches’ broom in that State is not 
known. Recejjtly this disease has been reported from Arizona by Hoymaii 
(11) who, in 1943, found less than 1 }>er cent in one of the older alfalfa 
plots located at the Universiiy of Arizona Farm on the Yuma Mesa. Dr. 
Hoymaji stat(»s, iji correspondence, tiiat witches’ broom was not observed 
ill youugrer stands on the Mesa or elsewhere in the State. 

These reports limit the known distribution of witches’ broom to the area 
between the C^ascade and Rocky Mountains except for an easteim extension 

1 Published with the approvnl of thu Piroctor of tiio Washiiijrtou Agrii-iiltiiral Experi- 
luejjt Stations as Seinitifie Papt-r No. 659. Includes portions of a thesis submitted to the 
graduate seiiool of tin* Stat(' College of Washington in ]);irtial fulhllmeiit of the miuire- 
ment.s for the degree of Doctor of I’hilosophy. 

KoniierJy Assistant Plant Pathologist/Washington Agricultural Experiment Hta- 
lioiis, now Pathologist, Division of Soils, Pertilizers, and Irrigatioii, liureaii of Plant 
Industry, Hoils and Agricultural Engineering, (irateful acknowledgment is made to 
Dr. P. D. H( aid tor heli>tul advice and encouragemeiil and to Mr. H. P. Singleton for 
coo]ieration in the tield studies and for taking several of the photographs.* 
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of the disease into Alberta. A siiijifle specimen of a witches’ broom on alfalfa 
has been reported from Vancouver Island (7). Within this "eneral area 
witches’ broom has some very interesting features of distribution and occur¬ 
rence. Although the disease is widely scattered in the Northwest, it has 
reached serious proj)ortions in only 3 or 4 relatively isolated areas. The 
development of the disease in Utah, Idaho, Washington, and British Colum¬ 
bia has a rather consistent pattern. 

The Utah outbreak was the first to occur. According to Richards (16) 
the disease was first seen in Salt Lake County in 1925. By 1928 it was con¬ 
sidered an important factor in reduction of stands. Dr. Richards reports, 
in recejit correspondence, that although the disease at one time could be 
found in older fields to tl)e extent of 60 to 65 per cent of the plants, it has 
now almost entirely disa])peared, being found only along ditch banks and 
fences. This reduction is correlated witli short rotations adopted for bac¬ 
terial wilt control but it seeiris unlikely that so striking a control of witches’ 
broom could be obtained in this manner. 

Dr. E. Blodgcdt has recently furnislied the author with a summary 
of the witches’ broom situation in Idaho. Following the original record 
of the disease in Elmor*e (^)unty in 1925 no Further obseiwation of witches’ 
broom was made until Blodgett noted it along the Snake River in the same 
county during a ])lant disease survey in 1944. Although the survey included 
most alFalfa areas of Idaho, the disease vras not found elsewhere in the 
Stale. Blodgett found many fields in the Elmore County area wherein 
illfe(‘tions ranged from a tra(*o to 50 per cent. The disease is important in 
the area bec-ause of the resulting reduction of stands. 

In Washington, scattered infections have been noted in Walla Walla, 
Benton, Franklin, Yakima, Grant, and Okanogan counties, but except for 
moderate severity in small plots at Prosser (Benton County) the disease is 
important only in the Methow Valley area of Okanogan County, where it 
was first reported in 1934 (9). In 1939 Ileald and Wellman (10) reported 
infections in tliis ar<*a ranging from 25 to 60 per cent. Later surveys by 
the authoi' show that the disease continued to increase tluring the next 3 
years. Infections during those years reached as high as 80 per cent wdth 
accompanying stand I’ediudions. Some growers reported having to pknv 
and reseed fields in as short a time as 3 years because of witches’ broom 
infection. 

The Methow Valley is narrow and isolated from the more open alfalfa 
ai*eas in c(*ntral Washington. The original outbreak of witches’ broom was 
at thi‘ upper end of the valley near Mazaina. Since then it has spread to 
involve almost all the alfalfa areas of the valley to a point about 30 miles 
below Mazaina. Since 1942 there is evidence that new plantings in the 
center of the original diseased area are being less severely attaeked, although 
infections in more recently invaded areas are still at a high level. Young 
stands in the Mazaina area now have only seattered infe(dions whereas in 
previous years growers despaired of maintaining stands in these fields be- 
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cause of the severity of the disease. The topop:raph.y of the area is very 
irregular and it is, therefore, difficult to decide Avhether or not there is a 
“crest’’ of infection moving outward from the original point of occur¬ 
rence. The rate of sj)read down the valley during the last 3 years has been 
slow, and has now reached a natural barrier of rough, uncultivated territory 
which may effectively isolate the disease from the other alfalfa areas of 
the Columbia Valley. 

The information available on the distribution of witches’ broom in 
British Columbia (2) shows that infections have built up in the Nicola 
Valley comparable to the Methow Valley areaf Here, again, severe disease 
development has been strikingly localized. 

Witches’ broom, therefore, has a 2()-year history of persistent localiza¬ 
tion of severe outbreaks. The natural recession of the disease in Utah and 
the indications of the same phenomenon in Washington are hopeful signs 
that the same may occur in other areas. The factors responsible for 
witches’-broom outbreaks must be common to these areas but not general 
within the known distribution range. These factors are not known, but 
it seems most likely that they are concerned wuth the i>opulation trends of 
insect vectors. 

A witches’ broom on sweet clover has been rci)orted in Alberta (3) but 
has not been found in Wasliington even in areas where alfalfa is seriously 
affected, Very similar symj)toms, however, occur on red clover and White 
Dutch clover in Washington and have been seen occasionally also on black 
medic {Medicago htpulina L.). No hosts other than alfalfa have been 
reported for the disease in other states or in Australia. 

SYMI’TOMS AND EFFECTS 

W^itches broom of alfalfa is a disease which slowly modifies the a])])ear- 
ance of affected ydants during the course of one to several seasons. Conse¬ 
quently a wide range of symptoms is encountered in the field. In the typical 
or advanced stage of infection the j)]ants are severely dwarfed and bunchy 
(Pig. 1, B). This is due to the excessive development of sliort spindly shoots 
from all parts of the crown and Inmi axillary buds along the stems. The 
plants have a vellowisli cast as a result of marginal chlorosis of the leaves 
and a general i)ale.green color of the tiny succulent stems. Normal alfalfa 
leaflets may be described as oblong or elliptic-oblanceohite with spinose 
dentieulations toward the apex. Leaflets on affected jdants are definitely 
smaller, obovate to cuncate, usually lack apical dentieulations, and are fre- 
qimutly wriifkled or puckered as shown in figure 2, A. Usually, witches 
broom-infectecl plants are erect and compact but may develop a prostrate 
habit of growth as the tops approach maturity. Diseased plants are easily 
reeognizod in the field, even from a eonsiderable distance, especially if the 
stand is thin or newly cut. 

The first symptoms of infection usually are seen after new^ growth com- 
mmces following CHtting. Plants pmlueiufr symptoms for the first time 
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invariably have the same dej^ree of infection over the entire plant. There 
may be little or no dwarfiiijr but the plants can be recof>:nized immediately by 



Fig. 1. Alffilfn linKnii. A. Early stiifje of infoetioii (right) eontrastiMl t.> 

liealtliv plant (loft). E. Two aovoroly diaoaHod plants, tlio larger One with tufta of 
witches’ Inoonis on previously healthy stems. C. Advanced stage of witches^ broom. 
•J>. Severe symptoms of bacterial wilt for comparison. All photograjdis by TT. P. Singleton. 

the greatly incrcasetl number of steins and erect habit as well as by a slight 
marginal chlorosis of the younger leaves. After the next cutting the new 
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y:roAvth Avil] usually be decidedly dAvarl'ed and the leaflets much reduced in 
size. Diseased i)Jants become profrressively stunted after each cutting and 
tile number of stems is increased. Several hundred s])indly stems are com¬ 
mon on infected jilants Avhile severely infected croAvns liave been loiind Avith 
as many as 3,000 very fine, densely matted stems. Sucli plants can scarcely 
be recognized as alfalfa because of se\Tre dAA^arfing and an accompanying 
reduction of leaflets to tiny, bract-like structures on the ends of the petioles. 

While affected shoots usually originate from the crown they may also 



Fkj. ‘J. Symptoms of alfalfa witches’ broom oljtained by graft transmission. A, on 
alfalfa; H, on red clover; (\ on black medic {M. iHpulina), Healthy shoot (h), diseased 
shoot (d) 


appear in tufts at the nodes on previously healthy stems. This condition 
occurs on newly infected plants Avlieii tlie old, sym])tomless growth is not 
removed by liai’V^'stiiig. A general view of such a. plant is shoAvii iit 
figure 1, B. " 

Witches’ broom causes a definite decrease in yield because of the dAvarf- 
ing but th^ chie<* source of loss is tlie reduction of stands by the earl.A' death 
of diseased plants. Plants die during the winter, which suggests that the 
infected plants are so 'weakened by the eon.stant proliferation of new shoots 
that they readily succumb to low temperatures. Daia Avere obtained on 
death rate of diseased plants in a row-planted nursery at the Irrigation 
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Branch Experiment Station, Prosser, where it was possible to follow the 
course of the disease in individual plants. 

Dnrinjr a 3-year i)eriod 131 newly inf ceded plants were observed durin^ 
one winter, 54 were observed throujrh 2, and 17 throuj^h 3. In the first 
trroup 50 per cent of the plants died durijijr the first winter. In the second 
group 39 |:)er cent died the first winter and 81 per cent were dead after the 
second. In the third group the rate of <leath was 35, 59, and 90 j)er (*eiit 
at the end of 1, 2, and 3 winters, respectively. Thus, in these cases, almost 
half the infected plants died the first winter and only 10 per cent survived 
three winters. The de<'rease iji number of healthy plants in the same 
nursery during the same 3-year i)eriod was from 2,507 to 2,078, an average 
annual death rate of approximately 6 per cent. 

Seed ])roduction is almost entirely inhibited in diseased plants. The 
few flowers which are j)roduced are usually in groups of two or three instead 
of in niany-flowe7*(*d rac'emes typical of normal plants. The blossoms are 
smaller and paler than the normal and rarely produce seed. The small 
quantity of seed collected from infected plants has been j^oor in appearance 
but has germinated well. 

TRANSMISSION EXPERIMENTS 
Mcchaiucal Transmission Tesis 

Neithei- Edwards (6) nor Heald and Wellman (10) were able to transmit 
witches’ broom by mechanical inoculation methods. Edwards used various 
techniques involving the use of cotton swabs, pin pricks, and hypodermic 
needle injections into stems and roots. The method used by Wellman was 
probably the one recommended by Jones (13) as being sometimes effective 
when other methods fail. This consists of using macerated diseased tissue 
on a swab as inoculum and dusting carborumlum powder on the leaves to be 
inoculated. 

This method was used by the author to inoculate 250 fdants but no 
infection resulted, lluring the five years of this study many healthy and 
diseased ])lants have been handled in the greenhouse without regard to the 
possibility of aciddental mechanical transmission, yet none is known to have 
occurriMl. In unsiufcessful grafting attempts where diseased scions have 
remained alive for as long as 10 days before witliering, there has been no 
transmission of the disease. Tt therefore seems inilikely that mechanical 
transmission can occur and certainly there is little possibility of the disease 
being spread in the field by the mower or other mechanical means. 

Graft Tt'ansmissimi Tests 

Both Edwards and Heald and Wellman were successful in transmitting 
witehes’ broom by grafting. However, since it could not be assumed that 
the Australian disease was the same as the one in the United States, and 
since the work of Heald and Wellman was incomplete, grafting tests were 
repeated on a more extensive scale. Edwards used a wedge- or veneer- root- 
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graftiiijr tec^hiiique yieJding: about 12 per cent suecessful grafts. Heald and 
Wellman also used various ty]>es of root grafting with methods found to 
be satisfactory by Weimer (17) in grafting studies on alfalfa dwarf. 

Preliminary r*oot-grariing tests w'ere tried but betiause of a low percent¬ 
age of successful grafts, the method Avas abandoned in favor of a modifica¬ 
tion of the shoot-grafting technique. Because of the slenderness and succu¬ 
lence of wit<*hes’-broom-infe(‘ted shoots the usual cleft-graft method as used 
on more robust h<?rbaceous plants was not satisfactojy. The eliicf change 
nece.ssary in using the method was to keep tlie delicate grafts in a humid 
atmosphen* in a glassed humidity cliamlMU* for at Ifi days after graft¬ 
ing. Tile unions were (‘arefully but firmly bound w’ith fine thread wiiieli 
could later be removed. After considerable practice it was possible to 
obtain as high as 70 per cent successful grafts by this method. 

TABLR rrf^uirrd far suffirimt union in alfalfa fjraffs io allow Irans- 

frr of the u'ilohrs'-broom riru.^ 


Duration itf graft 


/la//s 

.~i 

10 

12 

10 

20 


1'otal plants 

n n mhn' 

5 

u 

5 


ransniiMsion rosults 

Plants infected 

lumbar 

0 

0 

»> 


5 

4 


3 

4 
4 


III all cases where diseased seions became established on healtliy alfalfa 
plants, traiisiuissioii of wdtehes’ broom Avas obtained. In one typical experi¬ 
ment wuth 0 7’oot-approach grafts tbe disease was transmitted in 118 days 
w’hile witJi 2^3 shoot grafts it Avas transmitted in an average of 61 days. Tbe 
residts Avitli tbe root grafts are in ac'cord wdtb those (»f BdAvards Avho re- 
jiorted a latent i^eriod of the Aurus in the plant of from 4 to 5 months. The 
delay(‘d transmission Avith the root grafts may be due in part to a gi^ater 
length of time required for ad(‘qnate tissue union. 

The actual latent pei'iod ladwcen iuc)culatiou and symptom expre.ssioii 
is difiicull to detei'iiiiuc in the i*ase of ait a) fa Avitches’ broom because of 
indefinite early symptoms. Thus, the latent period ranged from .‘12 days 
to 13/ days in tuc case ol shoot gi’iilts, a variation whi(*h aiijieared to be 
related to groAvtli rate of the jdaiits, faster groAving ])]auts producing the 
earliest symptom-s. Since these figures also include the time necessary for 
sufficient tissue union to allow A'irus trausier, a scion-removal experiment 
was performed to determine this interval. Thirty young alfalfa plants were 
grafted by the shoot-gj-aft method Avith scions atfected Avith the disease. 
Five days after grafting the scions Avere removed from 5 of the plants and 
from groups of 5 others at intervals of 10,12,16, 20, and 25 days. All plants 
Avere ki^pt in the greenhouse for 4 months before final records Avere taken. 
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Table 1 shows that virus transfer eomiiieneed between the 10th and 12th 
day and had taken place in all plants in from 20 to 25 days. Thus, under 
the conditions of these tests the actual latent j)eriod of the virus in the plants 
averaged ai)proximately 40 to 50 days. 

Studus of Host Range hg Means of Gvaffing 

The report of witches’-broom symptoms on sweet clover in Alberta and 
the occurrence of similar symptoms on red clover, White Dutch clover, and 
black medic in Washinjrton led to attc^mpts to determine the leguminous host 
range of the virus by means of cross-grafting. This method has been used 
siiccessfull\" with solanaceous plants but has not been very su(u*essful in 
other families beyond generic limits. 

Jn the fall of .1941, some i)reliminary grafts were made on 2 species of 
sweet clover {Mcliloius alba and M. officinalis) using witches’-broom-in¬ 
fected alfalfa scions. Eventually 12 scions were established on plants of 
M. alba and 7 on M. officinalis. These plants were observed in the green- 
liouse for one year. During this time the growth of scions on M. alba w’as 
stunted, but the unions appeared to be sound. No symptoms of witches’ 
bi’oojii ajipeared on tlie sweet clover and back grafts to alfalfa indicated 
the absence of virus. The stocks of 3/. officinalis died during the year with¬ 
out any evidence of viiais transmission. 

During the winter of 1942-43 numerous cross grafts from diseased 
alfalfa to various s])ecies of legumes were attempted. Although many of 
tfiese grafts failed to survive longer than the initial humidity treatment, 
eventually 87 Hp|)arentiy successful grafts were obtained on 12 different 
s]>ecies of legumes. At the same time a few additional grafts were made on 
alfalfa as a clieck on the technique. 

Although the numerous alfalfa scions on different legume species 
se<‘med to be well established, it eventually became evident that all alfalfa 
sciojis on genera othej* than Medicago ha<l failed to make union but were 
being maintained on their own adventitious roots which had become an- 
('hored in the pith tissue of the stoc'k. The final r<‘sults both in scion rooting 
and transmission are summarized in table 2. The fact that the scions were 
producing roots rather than uniting with the stock became evident wlu*n 
living alfalfa scions were noted on red clover stems that had died. On 
red clover the scion roots were very fine and could be mistaken for vas(*nlar 
strands of the clover, iji other cases tlie scions ])rodnce(l such vigorous roots 
that the stock stem was eventually split and shredded and the roots became 
anchored in the soil. Tn the case of the one sui'viving scion gi^afted on bean 
there was no external evideiu^e of rooting even 3 months after grafting and 
although the scion w'as not thrifty it was still living. At the end of this 
period the bean stem was cut open revealing a single, stout alfalfa root 
about three inches long extending through the pith tissue of the stem but 
not reaching the soil. Although rooting of scions was not ctnnmon on 
Medicago species in this test, later grafts with alfalfa resulted in sevmil 



770 


Phytopathology 


[VoL. 36 


cases. Microscopic examination of many frrafts of diseased scions on healthy 
alfalfa revealed a frequent tendency for root primordia to form, but root 
development apj)eared to be checked by satisfactory tissue union. In one 
case scion rooting?: was accom])anied by sufficient tissue union for virus trans¬ 
mission. Since healthy alfalfa scions were not used in any of these f^rafts 
it is not knowji what e^ffect the virus may have in stimiilatiiijir the rooting^ 
tendeiK'v. However, hack grafts with apparently healtliy scions of red 
clover and white sweet clover onto healthy alfalfa also gave the rooting 
res])onse without tissue union. 

These results show that scion survival in e^^oss grafts Avith the legumes 
used does not eouslitute sufficient evidence for tissue union. Consequently 
use of Ihe method for studying virus host range in this family does not 
apj)ear promising except within genera. 

TAfUjE 2.~ -Mcsnlts nf cros.s-ifrofl'ni{i experimevis with witches^ hroom infected 
alfalfa seiona on various species of lerjumt s 


Stock Hpttcies 

Plants with living 

y\ftor After 

12 days 30 days 

scions 

After 

90 days 

Good 

union 

Scions 

rooted 

Virus 

trans¬ 

mitted 


-WO. 

no. 

no. 

no. 

no. 

no. 

Medieago satira Tj. 

13 

10 

S 

6 

2 

8 

if. lupulina L. 

. 30 

5 

f) 

f) 

0 

r> 

if. // ispida G Jicrt. 

•1 

4 

3 

3 

0 

3 

M,arabica ITuds. 

8 

4 

H 

3. 

0 

<?a 

Trifolinm pratenso 1^. 

12 

32 

s 

0 

8 

d 

T.frapiferum L. ,. 

4 

o 




0 

T, hphridnm L. . 

1(» 

8 


0 

3 

0 

T, re pens \j. 

7 

5 

0 



0 

T. in carnal nm L. 

. . 30 

10 

5 

0 

5 

0 

Lotus cornieulaius L. . ... 

6 

0 

0 



0 

Onohrifchus sp. 

T) 

4 

1 

0 

1 

(j 

Phaseolus vulgaris L. 

4 


1 

0 

1 

0 

Jiobinia Pseudo-Acacia L. . 

7 

3 

0 



0 


aPlfiiits matured and died stiowinijr disease symptoms. 

The (‘TOSS graJts to oth(*r spcides uf Mrdicaf/o were successful as evi¬ 
denced by good scion growth and absence of rooting. Five grafts out of 10 
attempts were obtained on M. lufmlina with transmission of the virus in 
each case. 

The syiiiptoiiis, as shown in fi<'nrp 2, (\ are similar to those ])roclu(!ecl 
on alfalfa. Baek frrafts from these plants to healthy alfalfa produced the- 
typical symptoms of the disease in the latter. With Mnliciu/o hispida 3 suc¬ 
cessful {rrafts Vere obtained folhmed by the apjx'arance of witches’-broom 
s.^miptoms in the stock after an interval (d apjiroximatcly 3 months. 
Althoufrh 3 successful }n-afts were obtained on M. arahico no appearance of 
.syiiJi)toms was recorded ])rior to the death of the plants. Since this species 
is an annual it ii,. possible that the f^rattinjr was done too late for symptoms 
to develop beJore the plants matured. Previous mention has been made of 
the natural oceurreuce of witches’ broom on red (dover and White Dutch 
clover. 
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The inability to obtahi j^rafls betAvo<*n diseased alfalfa and either red 
clover or White I)nt(*Ji clover prevented experimental proof of tlu' relation¬ 
ship between the naturally occxirrin^*- witc'lies’ brooms on these 1] hosts, in¬ 
fected plants of tJjese 2 clovers were ns(Hl in the {greenhouse for various {?raft- 
inj' tests. No |)eriiiau(‘nt jjrrafts with witclies’-broom scions of white clover 
were obtained on any species, diseased red clover scions, however, wTre 
grafted to healthy red clover with transmission of the typical witches’-broom 
symptoms as shown u\ figure 2, B. Since the clover witches’ brooms are 
found only in association with alfalfa witches’ broom and since the red 
clover form is also <>raft-transmissible, it is very likely that they are all 
caused by the same virus. 

The host ranj?e of alfalfa witches’ broom, therefore, definitely includes 
MerlicM(jo lupnlina and M. liispida, probably includes TrifoUvm reprns, 
T. pralvnavy and according* to (’orma<'k (4), also includes VclUotuH sp. 

Insect Transmission Tests 

The only previous attem|)t to find an insect vector for alfalfa witches’ 
lu-ooin was by Edwards (6). In most of his experiments mass collections 
of insects from alfalfa fields were allowed to feed at will on both liealthy 
and diseased ])lants under larn’e ca^^es. No transmission was obtained witli 
any of the Jnscids used. Since field observations su^<iested the presenet* 
of an active insect vector, tests were bejiun in Washinjrton in 1941 with 
sucking insects common in alfalfa fields. A report has already been nnnle 
on preliminary t'viden(*e that the leafhopi>er. Ptatymoidevs aenhts Say. can 
transmit this disease (14). Since the details of the tests were not ])nblished, 
they are reported here. 

In the exploratory vector tests, mass collections of suspected s])ecies 
were cajied on infeeded alfalfa ])lants for a short feedinjr |)eriod after whic-li 
tliey were s<'a:re|;ated into s|)ecies jrroups and transferred to healthy plants. 
No atl(mii.)t was made to obtain identification of insects «rivinji‘ ncfiative 
residts since sucli tests were not considered conclusive. 

In the course of stweral hundred tests with suckint»’ insects one case of 
transmission occnirred where Pfatymaidens arntus^' was used. In this case 
a lar^e, but undetermined, number of leafhoppers of this sj)ecies was cajred 
on an infected plant from May 26 to Juin* 2, 1943, after which they were 
transferred to a healthy idant for 12 days. At the end of this time 7 insects 
were still livin<?. Wit dies’-broom symptoms were first considered definite 
on August 14, apiiroximately 2 months after inoculation. 

A second experiment was then be|u:un usinp; larger cajres, in which one 
infected jilant and 4 to 6 healthy idaiits were placed. Field collections 
of the suspected species were added to some of the test cajres from time to 
time (lurin^^ Au^nist. and early September, while other caires were held as 
checks. By the end of October all the insects had died and the plants were 
removed to the frreenhouse bem*h for observation. 

Idciititicatioii of this insect was kimllv made by T)r. T?. II. F»c;mu*r, University of 
Kansas. 
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No symptoms a[)])eHre(l on those ]ilaiits until early in February, 1944, 
when 2 plants wei*c rc'c.orded as siispieioiis. Hymptoms eontiiined to develop 
on these and otlier plants until finally, by May 15, eijrhteen of the 29 sur¬ 
viving test plants were definitely affeeted with witehes' broom. None of 
the 6 cheek plants became diseased and no infections appeared on uucapred 
healthy alfalfa that liad been held in the same g:reonhousc during the entire 
]>eriod of th<* test. 

A third s(‘ries of tests with the same loaf hopper was caj'ried out during 
the summer of 1944. Small <‘ages to fit 6-ineh pots were used. Ea(*h pot 
eontained from 5 to 10 alfalfa seedlings growii*from seed under the cages. 
Details of each lest and the transmission results are shown in table 3. 

TAPJjK 3.— lit'snils of irilehrs'-broom transmissiou irsts on alfalfo^ sa'dlingH with 
the loaf hopper rial jfmoidrns acnlvs tSai/. thirinp Ihr summer of 1941 


1 *<)t 
No. 

No. of 
olfalfo 
seedlings 

Xo. of insects 

Adults Nyniplis 

St Ml ret' of 
insects 

Ft'eding 

]ieriod 

No. of 
plants 
infected 

1 

n 

in 


1 

!)ist‘nst‘d idl.» 

21 days 

4 

O 

9 

4 


1 

do 

indef. 

4 


r* 

(» 


3 

do 

21 days 

3 

4 

(i 

1 


20 

Field coll.*' 

indc'f. 

3 

r> 

(5 

.■> 


• 23 

dt» 

indef. 

0 

a 

<> 

1 


13 

do 

1 7 day.^ 

4 

7 

5 

n 


3 

do 

17 days 

0 

8 

n 

1 


o 

do 

18 (lavs 

0 

a 

4 

0 


3 

do 

.18 days 

0 

in 


(luM- 

k—no insects 



0 

11 

4 


do 




0 

12 

5 


do 




0 

13 

5 


do 




0 

1-4 

(5 


dt) 




0 

1.1 

S 


dti 




0 

>1 

Insects e.'iged on 

nil ill ft' 

'ctetl 1 

jdnnt ft/t 

:it least JO days. 



h 

Insects tjik(*n from .'in 

jilfnlf 

n Jiiirsert 

with approxiinat.ely 

30 per c('i 

lit W'itclies^ 


hrofijn. 


The peree»»tage of transmissjon obtained in Ihe various cages of the third 
test appears to bear some relation to the number of insects. The mortality 
rate was high iji all cages ajid may a<*connt for the j)o()r transmission 
recorded in images where only a few insects were us(hI. 

The consistent transmission of itches’ broom in all tests with Plaly- 
monii UH acitfus and tlie absence of transmission in the cheek cages establislies 
this insect as a vector of the virus. (Vrtain field observations, however,' 
suggest that it ma\ not be the most imj)ortant natural vector. The insect 
could not be found m the Metliow Valley during 2 visits there in the summer 
of 1944. Tliese searches were made in June and August, when the insect 
could be found in the Yakima Valley, ajid included sweepings in fields very 
severely infected wuth wdtehes’ broom. Fui-thermore, field records at 
Pri»s-.er indi(*ate a peak of new infections early in the season wdiereas the 
j>eak of population of P. acitivs occurred in late August. Even though this 
species ma^ not b(‘ tin* <‘hief vector its widespread occurrence provides a 
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possible means by whieli witches’ broom could become established in 
new areas. 

Dodder Tra ns m iss Um Tests 

The ability of various species of dodder (Cuscuta spp.) to act as trans¬ 
mission brid} 2 :es for certain viruses lias been demonstrated by Bennett (1), 
Johnson (12), and others. Since dodder was found g:enerally distributed in 
alfalfa fields in the Methow Valley, the possibility that dodder mijrht trans¬ 
mit the witches’-broom virus was investigated. 

Field-grown Cnscuia camprsiris Yunk. was established in the greenhouse 
on 9 rooted cuttings of witches’-broom-infected alfalfa in small pots. After 
the i>arasito liad made snfficioit growlli the dodder strands from each plant 
were trained across to a healthy alfalfa plant in an adjacent pot. Nine sueli 
pairs were established eacdi having several well connected dodder bridges. 
The period of union varied From 17 to 62 days after which the dodder was 
i-emoved and the healthy plants kept for observation. None of these plants 
subsequently developed symptoms of witches’ broom, whi(di indicates that 
this sjiecies of dodder is not a factor in transmission ol* the virus. 

Seed Transmission Tests 

To test the possibility of seed transmission of the wit dies’-broom virus, 
collections of seed were made from infected plants. Tliese ydants rarely set 
seed and it was possible to collect only a very small amount for this purpose. 
In 2 different tests, 488 jdants were grown from this seed and kept for at 
least one year in a nursery. None of the plants had any evidence of witches’- 
broom infection. 

COMl'ARISON OK AMKRK AK AND AT'STRALIAN WITOIIES’ BROOM 

No positive evidence has been obtained to show that the wdtehes’ broom 
described by Edwards in Australia differs from the one in the United States. 
The symptoms aj)])ear to be identical and the transmission exjierimeuts show 
similar agreement where positive data are available for both diseases. 
Edwards reported a ])hylloid condition of blossoms on infected ydants which 
he (considered to be jiart of the symptom jiicture. A similar phyllody has 
been obsorv(Ml in Washington on both witches’ broom and healthy plants 
and is therefore believed to be unrelated. Edwards also reports occasional 
recovery of diseased plants w^hen transplanted to the greenhouse, a phe¬ 
nomenon that has not been observed here. Those possible differences require 
further study before they can be evaluated. In the meantime it is justifiable 
to assume that the 2 diseases are the same. 

SUMMARY 

Alfalfa witches’ broom is a. virus disease occurring in Western United 
States and adjacent Canada. It appears to be the same as the alfalfa 
'witches’ broom prevalent in southern Australia. Comparison of known 
features of the two forms of disease shows no positive differences. 
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This disease has become serious in isolated areas of the Pacific Northwest 
hut has not spread widely within this area since its first appearance 20 years 
Hy:o. The history of the disease indicates sporadic outbreaks followed by 
natural recession. 

Affected plants are decidedly dwarfed and have a dense proliferation of 
shoots from the (‘rown. Death follows in from one to three years. With 
heavy infection, stands are rapidly reduced. 

Witches’ broom occurs naturally on alfalfa, red clover, and White Dutch 
clover. It has also been reported on sweet clover in Alberta. Grafting: 
tests have resulted in artificial infection o^{.Mc(lfcago hipulina and M, 
hispida. 

The virus lias been transmitted by both root and shoot grafting: and by 
means of the leafhoi)t)er Plafymoidem acuttiH Say. Negative results w^ere 
obtained in efforts to transmit the witches’-broom virus by mechanical 
means, by dodder, or through the seed. 

Jrrkjation Branch Station, 

State Agrictiltural Experiment Station, 

Prosser, Washington. 
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PHYTOPATHOLOGICAL NOTES 


An TJndescribed Coryneum on Diseased Italian Cypress. —^An uiide- 
scribed species of Coryneum was found on an Italian cypress {Cupressns 
sempervirens L.) from the vicinity of Montgomery, Alabama. Although 
dead terminal buds, leaves, and branehlets of the cypress gave evidence of 
a diseased condition, the i^athogenicity of the fungus has not been investi¬ 
gated. The fruiting bodies of the fungus appear as small black pustules 
scattered sparingly on the leaf surfaces of the host or occasionally coalescing 
on the leaf margins. No perfect stage was observed. 

Coryneum asperulum sp. nov.^ 

Acervuli conspersi, atri, erumpentes, pulvinati, plerumque cii*cnlares, 
50-200 g in diam.; conidia oblongo-fusoidoa, asperula, typiee 8-septata, 
olivaceo-grisea, 27-82 p x 5 -6 (j (19.0-40.6 p x 8.6-6 p), ad septa non- vel 
subeonstrieta, eellula terminali ad apicem inuticum leniter attonuata, cellula 
basali truncata; (*.onidiophora simi)licia, brevia; pscudoparaphyses }iulli. 

In foliis morbosis Cupressi sempervirentis, Alabama. 

Acervuli s('attered, black, eruiupent, i)ulvinate, usually circular, 50- 
200 p diameter; (*onidia oblong-fusoid, slightly roughened, typically 8- 
septate, deep olive-gray to dark olive-gray, 27-82 p x 5-6 p (19.0-40.6 px 
8.6-6 p), not or only slightly constricted at the septa, terminal cell slightly 
tapering to a muticate ai)ex, basal cell truncate; conidiophorcs simple, short; 
pseudoparai)hyses absent. 

On diseased foliage of Cupressns sempervirens L.: Alabama. Type 
(F. P. No. 48276) in the Mycological Collections of the Bureau of Plant 
Industry, Soils, and Agricultural Engineering, United States Department 
of Agriculture, tin* New York Botanical Garden, and the Farlow Uerbarium 
of Harvard Universily. Tlie general structure of the fruiting body is 
.shown in figure 1, A and B, with spores shown in C. 

Twelve species of (\n’yu(um have been described on conifers; of these, 
two 0 (*cur on Cupressns. Wagener^ rej)orted Coryneum cardlnalc Wagener 
as the cause of s(*rious stem and branch cankers on the Monterey cypress 
(Cupressns macrocarpa Ilartw.) and, occasionally, on the columnar Italian 
cypress (C. sempervirens L. var. stricta Ait.) in California. Natural infec¬ 
tions were obserxed oji C. pygmaea (Jjemmon) Sarg., C. forhesii Jeps., and 
C. lusitanica Mill.; and artificial inoculations extended the list of suscep¬ 
tible species and varieties of Cupressns. Coryneum berckmanii Milbrath, 
whitdi caus(‘s a blight on the foliage and youjig stems of ornamental varieties 
of Thuja orienfalis L., occasionally affects the columnar Italian cypress in 
Oregon.'^ Both C. cardinale and C. berckmanii differ from C. asperulum 

1 Tlu* Tifitiii description wns proi>ared by Edith K. Cash, Associate Mycologist, Divi¬ 
sion of Mycology and Disease Survey, Bureau of Plant Tiidustry, Soils, and Agricultural 
Kiigiiieering, Agricultural Research Administration, IT. S. Department of Agriculture. 

2 Wagoner, Willis W. The canker of Cupressns induced by Coryneum cardinale n. sp. 

Jour. Agr. Res. 58: 1-4(1. 1939. 

3 Milbrath, J. A. Coryneum blight of Oriental Arborvitae caused by Coryneum berck- 
maniij n. sp. Phytopath. 30: 592-602. 1940. 
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by having S-septate spores. Only three of the twelve species reported on 
conifers belong to the 3-septate group. These are C. hicorne Rostr. reported 


A 



Flo. ]. Corimnnn aaprruhun. A, Cross section of acervulus with sporos dislodged. 
(Note host eiddermai tissue.) x 225. B, (hos.s seetiou of msiturc acervulus with 8i)ores 
attached, x 225. Mature spores, x 000. Photomicrographs by M. L. Y. Foubert. 

Oil Jeaves of Abies pcctinata DC5. in J)«Miinark,^ C. thyicohm Vest, on leaves 
■♦Rostrup, K. Mykologiskc moddelelser (VIJT). Botanisk Tidsakrift 22; 254-27(5. 
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of Thuja occidentalis L. in Sweden,*^ and C. cin^reum Dearu. on older needles 
of Pinua coniorta Dougl. and P, murrayana Grev. and Balf. in Oregon and 
Colorado." Coryneum asperulum differs from C. hicorue by having longer 
and more narrow eonidia. Furthermore, the conidia of C. hicorue are 
curved and bifurcate. The conidia of C, thyicolvm are characterized by 
conic papillae at each end and are much broader than those of C. asperulum. 
The long conidiophores and shorter and broader conidia of C. ciuvrenm 
differentiate it from C. asperulum. Karsten” described a fungus from the 
needles of Juniperus communis L., which he placed in the closely related 
genus, Exosporium, and stated that his species, Exosporium deflecieus 
Karsten, resembled Voryncum. Although E. deflcctens lias ;i-septate 
(‘oniclia, the spores are much shorter than those of C. asperulum. — Fra.nces 
K. Lombard and Ross W. Davidson, Divisimi of Forest Pathology, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural 
Research Administration, V. S. Department of Agriculture, Beltsville, 
Maryland. 

Eeduction in Yi^hl of the Anjou Pear Caused by Weti all e-sulphur 
Spray.^ —AVettable-sulphur fungicides used for control of the scab fungus 
(Venluria pyrina Adcrli.) at Hood River, Oregon, were reported receiitly“ 
to cause russeting of the fruit and lighter green color of the foliage of the 
Anjou j>ear variety. Although early observations indicated that sulphur 
sjirays might influence the yield of fruit, comiiletely satisfactory experi¬ 
mental evidence was not obtained until 1945. A summary of the effect of 
fungicides upon the fruit set and fruit yield of Anjou pears for 1942 through 
1945 is presented in this pajier. 

Plots and spray proyram. The ]dots, selected primarily for pear scab 
control e.xj)eriments, were located in 2 different orchards. In both orchards 
the Anjou trees were relatively vigorous and at the peak of their produc¬ 
tivity. The trees had been pruned to prevod interlocking of limbs and 
ex(*essive shading of the lower branches. Fertilization, cultural ju’actices, 
and the opj)ortunity for pollination by other varieties were considered satis¬ 
factory for commercial crop production. 

All the experimental trees received a delayed dormant application of 
either lime-sulphur solution or lime-sulphur plus oil emidsion to crmtrol 
insect pests and the overwijitering scab fungus in lesions on twigs. I’revious 
evidence had indicated that the delayed dormant sprays had no adverse 
effect upon fruit set. 

■* VfJstcrgrcD, Tycho. Bidrag till on moiiografi dfvoi* Svoriges Sphaorop8id<‘ov. I. 
8j)hH.cropsidcac ot Molaiicoiiieiio novae in 8ii£*ci:i eollectae. (Uvcisigt at* Kongl. Vetens- 
haps-Ahadomieiis Fdrliaiidliiigar 54 : 35-4(i. 3897. 

6 T)carne8S, John. New and noteworthy fungi.—TIT. Mycologin 16: 143-170. 19:24. 

7 Karsten, P. A. Fragmenta uiycologia XXITI. ITedwigia 27: 258-200. 1888. 

^ Published as Technical Paper No. 482 of the Oregon Agricultural Experiment 
Station, with the approval of tlie Director of the Station and the Chief of the Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administra¬ 
tion, United States Department of Agriculture. 

2 Kienholz, J. R., and Tioroy Childs. Fungicidcjs in relation to scab and fruit russet 
of pear in the Hood River Valley, Oregon. Phytopath. 35: 714-722. 1945. 
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The experimental spray treatments, applied from the pink throup:h 3 or 
4 cover sprays during? the 4 growinjr seasons, were arc follows: (1) Check. 
Lead arsenate (3-100) only. (2) Micronized wettable sulphur (8-100) plus 
lead arsenate (3-100). (3) Ferric dimethyldithiocarbamate (Formate) (14- 
100) plus lead arsenate (Jl-100). (4) Copper phosphate-lime-bentonite (4-* 

4-4-100) plus lead arsenate (1^100). 

All materials were applied with a commereial power sprayer which main¬ 
tained a pump pressure of approximately 400 pounds. The lead arsenate 
(3—100) for eodlinjr moth control usually was added in the calyx and later 
cover sprays. 

Ucsiilts, Four applications (pink, calyx, -Jud 2 later applications) were 
made to the plots in 1942. Treatments 1 and 3 were each applied to 6 trees; 
treatment 2 to 60 trees; and treatment 4 to 24 trees. The desip:n of this ex¬ 
periment did not permit a statistical analysis of the results. No counts were 
made of the number of blossoms originally on the trees, so the percentage 
that set fruit could not be determined. Tlie average yields in field boxes 
per tree (a field box usually holds from 100 to 150 average sized pears and 

TABLE 1 .—Effects of J fungicitles upon the set of fruit of Anjou pears 


TrontiiKMit nuiiit)or and fungicide used 


1. C^heck trees 

2. Wettable sulphur 8-100 
:i. Formate Lfi-lOO 

4. Copper phosphnte-liine-beiitoiiite 4-4-4-100 


Percentage of blossoms setting 
and maturing their fruits 


nus 

1944 

194:, 

0.27 

3.4 

2.84 

0.11 

. 1.9a 

1.80“ 

0.17 

2.5 

3.04 

0.2.") 

3.5 

3.71“ 


» liesiiltN difTer significantly from those e^* corresponding check at the 5 per eent point. 

wei«:lis approximate]}- 45 to 50 pouiuls) were: Clieck, 9.8; wettable-sulphur, 
3.:]; Fermate, 8.0; atid copper phospliate-liine-beiitonite, 10.5. The sulphui-- 
sprayed trees yielded about one-tliird as iiuieb fruit as tlie otlier trees. 

Tliree applications (pink. caly.\, ami hrst cover) were made on tlie test 
plots in 1943. An improved ex])erimcutal desifpi involving: the use of 3 
replieates ol 2-tree plots tor each treatment was used. The blossom.s wore 
counted on each tree and the jierconta^'o of fruit set determined from the 
number of matured iiears. SjirinK frost in.iui-}- ami other unfavorable 
weather conditions ilnriii;; the jiollination perioil caused an extremely liftht 
set of fruit. The snli)liiir-spraye<i trees bad the lowest percentage of fruit 
set (Table 1), but the results Av<‘re not .statistically sijrnifieant. The actual 
box yields are not available. 

The plots received only 3 applications (pink, calyx, and first cover) ill 
1944. The experimental desijrn was modified to provide 6 replicates of 
siuple-tree plots. The blo.ssoms were counted and the pereenta<'e of fruit 
set determined, as in 1943, from the number of pears on the trees at harvest 
time (Table 1). 

The 2.5 to 3.5 per cent fruit set in treatments 1, 3, and 4 produced a rela- 
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tively heavy yieJd per tree, but the 1.9 per rent fruit set in treatment 2 
(sprayed with sulphur) produced only a medium crop. The lesser fruit 
set in treatment 2 was statistically significant by odds of 19:1. The average 
yields, in field boxes per tree were: Check, 13.2; wettable-sulpliur, 9.2; Fer- 
mate, 11.4; and copper phosphate 14.4. 

Since the results in 1942, 1943, and 1944 indicated that the use of wet- 
table-sulphur might cause serious reduction in yield, an enlarged experiment 
was designed in 1945. In this experiment 12 rejilicates of single-tree plots 
were distributed at random in a 16-year-old orchard. All the trees in this 
orchard had received uniform care for several years, and they produced a 
uniform and Avell-distributed crop in 1945, indicating that the selected site 
Avas ideal for an experiment dealing Avith fruit set. 

Three applications (pink, calyx, and first co\d’) were made on all 
treated plots in 1945. The blossoms Avere counted on one main leader 
branch of each tree. This branch was chosen on the south or southeast side 
of the tree and eA^ery effort was made to select uniform limbs. The fruit 
count.s Avero made after it was <‘ertain further loss of fruit would not occur. 

The approximately one-third smaller set of fruit (Table 1) on the ‘‘count 
limbs” of trees sprayed with wettable sidphur, as compared with the trees 
receiving Ferniate or lead arsenate only, was statistically significant. The 
set of fruit oJi the trees re<*eiving copi)er phosjdiate Avas slightly greater than 
that of the check trees, with odds of 19:1 for significance. The aAd*agc 
yields, in field boxes, by trees of comparable size in the plots Avere: Check, 
11; Avetlable sulphur, 7.7; Fermate, 9; and copper phosphate, 10.9. 

Since one tree may form twice as many blossoms as another of ecpial size, 
ti‘(*e size does not make a true basis for a comparison of yields. The number 
of fruits produced from a given blossom potential pro\ddes better evidence 
of tree i>rodiictivity. 

A significant reduction in the yield of Anjou pears has been 
demonstrated in the Hood River A'alley, Oregon, folloAving the use of A\^et- 
table-sulphur spray for pear scab control. Since Avottable sulphur also has 
given ])oor scab control and caused fruit russet, it appears to be very unde¬ 
sirable as a fungicide for Anjou pears under conditions prcA^ailing in the 
Hood River district. The a])pearance of fruit, yield, and foliage color ha\"e 
all been superior Avhere such substitutes as copper phosphate or Fermate 
have been used.—-J. R. Kienholz, Associate Pathologist, Division of Fruit 
and V(*getable Crops and Diseases, and Leroy Childs, Sufierintendent, Hood 
River (Ore.) Branch Exi)t. Station. 



Forms for Bequest and Codicil 

The following forms are suggested for use in making a bequest to the Ameri¬ 
can Phjdiopathological Society of America or for adding a codicil to a will. 

FORM OF BEQUEST 

I Give and Bequeath the sum of $.to the AMERICAN PHYTO- 

PATHOLOGICAL SOCIETY OP AMERICA, a corporation, organized not for 
profit under the laws of the District of Columbia, such sum to be used for the 
general purposes of said organization. 

FORM OF CODUCIL 

1. This is a Codicil to the last Will, dated the . 

day of.19., of. 

2. I Give and Bequeath the sum of $. to the AMERICAN 

PHYTOPATHOLOGICAL SOCIETY OF AMERICA, a corporation, organ- 
ized not for profit under the laws of the District of Columbia, such sum to be 
used for the general purposes of said organization. 

3. In all other respects I confirm my said Will. 

In Witness, Etc. 


T R I A R C M 



PuMhMe from onr advortisers. Mention Phytopathology when answering Ads. 
























SEVEKAL SPECIES OP PYTHIUM PECULIAR IN 
THEOi SEXUAL DEVELOPMENT 

C H A R L K S I) R E C U S L E It ^ 

(Aco.optcd for puhli(*.ation May 28, 1940) 

or the 15 ^vhu'h *m lf)30 1 briefly deseribed (17) as iieAV speeies of 

Pyihhim 12 liavc' sinee bee»i set forth more Tully throo^h illustrations and 
snpi>lenM‘ntary disioissitui (20, 21, 22, 23, 25). Similar discussion, toj^ether 
with figures at inajiriificatioiis (500; x 1000) for the most part uniform witli 
those of previous papers, is herein supplied for 2 oL* the remainin;^ speeies. 
P. oU(fandnirn and P. Halpiufjophomyn. As certain of tlie features character¬ 
istic of tliese forms can perliaps be better understood if opportunity is af¬ 
forded for ready comparison with conj^eneric specit*s, attention is devoted 
hei’cin also to the morpliolojiy and development of P. vfdanR de Dary and of 
P. 'iindtilahnn Petersen sf nsif Dissmann. Oecasion is takem besides to 
am})lify the earlier a(‘<*onnts of my P. anandrum and my P. periplocvm, 
(‘specially with resj)ect to antajronistic relationships and oospore jrerniination. 

M()m*J10LO(JY AND DEVELOPMENT OF PYTHIUM OLKJANDKUM 

Pfflhiinn olif/nndrKin has l)(‘(‘n found in a wid(‘ variety of })hanero«iamic 
host i)laiits ov<‘r an extensive range of latitude in the eastern half of the 
rnit(‘d Slates. Fts diagnosis was drawn from a culture derived from a 
diseased ])ea {Pis}un salirum L.) root mainly because in my earlier ex])eri- 
eiic(‘ I (‘m-ountered the s])ecies in impressive quantity among numerous cul- 
tiu’es isolati'd from iin(h*rgronnd i>arts of canning peas aifected with root rot. 
Thus, it was nM'ogni/ed in more than 20 cultures prepared from set)arate 
individual j)lan1s ('olleeted in the course of a pea-root-rot survey made during 
the unusually cold W(*t spring of 1924 in Maryland, Delaware, and New 
Jersey (14). It was found pres<‘nt also in more tlian a dozen cultures iso¬ 
lated somewhat later in the same season from softened pen roots sent to me 
by workers in Pennsylvania, New York, and Connecticut; and subserpiently 
was i(h‘ntified likewise in 4 cultures among a more numerous collection 
contributed by F. Iv. Jones as being representative of the fungi found in a 
pea-root rot survey carried out that year in Wisconsin (30). That the 
species is not restricted to i)eas soon became evident from its Imiuent ap¬ 
pearance anunig a large assortment of Pf/ihium cultures obtained in 1924 
from blackened rootlets of sweet-potato {Jpomova hatalas (L.) Tjain.) slips 
tak<m by L. L. Harter (27) from large roots planted in liotbeds near Jlosslyn, 
Va. Isolation of the fungus from several assortments of decaying bean 
(Phaseolus vulgmds L.) roots colleeted near Pompano, Fla., in March and 
A])ril, 1926, gave testimony to its existence in the South. During the ex¬ 
ceptionally wet period beginning ip the middle of August, 1926, it was iso- 

1 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
U. S. Dept, of Agriculture, Plant Industry Station, Bcltsville, Md. 
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roppatodly I’rom tojnato {Lifcoprrsicou csciilciititiii Mill.) rool-s collected 
iww Kosslyn, Va., as Avell as Iroin roots ol‘ the uiaiit raj^nvml {Ambrosia 
irifida L.) and of th(^ i)ale toiirli-me-iiot {JmjMihrns palhda Nutt.) g:athered 
ill Washiiifrtou, 1). i\ Tt uiado its appearance Avitii eonsiderahle freciueiiey 
ainou^ tJie fun»i found develo])injr iu luaizcmeal-aj-rar plates jilaiited witli 
discolored sn^ar-beet {Brin rultpfris L.) roots (collected in Helds near Last 
Lansing, Mich., and near Sa^iinaAV, Mich., late in June, In 1928 it 

^vas recognized in cidtiires isolated from discoloivd s\vci*t-j)ea ( LaUiffi us 
(/dorafiis Ij.) rootlets ori^dnatinjjr from Lon*** Island, X. Y.; and also in a 
(Miltnre derived from a candytuft {Tberis root fi’om Maine. Jletore its 
(h'seription in 19110 tin* funj^ns had been reiMUved fi’om hlorida a second 
time; the second accession comiim’ in cultures isolated from dis(*ased tomato 
seedlin^^s. Jn 1939 its occnri-ence in another sonth(‘rn Stat(‘ was made evi- 
d(mt throufili receipt of a (‘iillnre Avhi<di a(‘coi‘din;4 to a letter ti'om A. A. 
Dnnlaj) had been isolated ri’om a diseased wheat {Trihcum itfsliuum L.) 
r<K)t ^nithereil in the Panhandle rej^ion of T(‘\as. 

Very often, as has lieen set forth earliei* 1/24], I^ytlunm oliijahdnnn is 
encountered in I'oot rot and danipin^-olf in association with conj^(*n(*ric sjie- 
eies familiar as (‘ansaI agents of these diseases; the fr(*(piency of such associ¬ 
ation and th<‘ behavior of the fnnjrns in ilual culture with con^*<‘neric forms 
^ivin^'’ rt‘ason to b<‘li(‘ve that the s[)eci(‘s o(*curs in dist‘as(‘d roots h*ss as a 
])rimary jiarasite of the various liost jilants affe(*ted than as a secondary 
invadiT subsisting partly on my<*elia of j)rimary invaebu's and |)artly on 
liost tissues freshly killed by th(‘se my(*<‘lia. X'evertlnd(*ss tin* species now 
and then occurs under circumstances indicatiiej that it may not be wholly 
lacking in pathogenicity to higher ])lanTs. Thus, a number of bean pods 
found affected with watery decay in a garden neai* Dclaplane, Va., late in 
Aiigiisl, lf)2b, after 2 weeks of rainy weather, yiromptly yielded 1\ fdl- 
paiidrum unaccom]nniied by an.’v oth(*r fungus likely to have eaiis(‘d the 
decay. Again, among f)4 Pijihiam cidtures deriv<*d from sepai*ate encumber 
{CHcumis saiirus Jj.; h uits lound aifctUi'd with ^vatel■y j-ot iu a wet field near 
J>eltsvilh‘, iMd., in August, 1938, one cultun* clearly belonged to P. oli- 
(jaudrum: 3 of tbe others being identifivMl as P. ultimn'm Trow, and tin* 
remaining (iO as P. Bvlirri Snbr. The discovery of J\ oliifandrum, nnae- 
eompanied by an\ oilier likely i)atbogeni(* organism, in a <'Ueiimb(‘r fruit was 
contrary to e.'iiiectations as tlie fungus lias uev(‘r been isolated from water¬ 
melon {CilniUvs vnJfjnris Selirad.) fruits affisded with blossom-end rot, 
though watermelon fi’nits are spontaneously attacked in the field by the 
closely relaled P. aranl/ncutH ami P. pcrlplorum, wliieli nsnally fail to d(*- 
velop in green encumbers when inoculated by incision. When the encumber 
strain of P. oHijahdnim Avas inocidated by incision into wattu'melon fruits 
left attaeh(*d on the vine, it ean.sed a progressivi* brownish decay (Fig. 1, 
A, B) very similar to the natural blossom-end rot due to P. acanihicnm. On 
iuoculalioii into healthy green ciienmbers it caused watery decay (Fig. 1, C) 
111 most though not in all instances. Several other euJtures of P. ollrpuidrum 
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Avlien iiiDL-nlattnl into \va ten no Ions jrave results (Pij?. 1, D) very similar to 
those obtained Avith tiie enenmbor strain. IIoAvc'ver, their inoculation into 
ciieunibers broufilit about infeel ion It^ss frequently, and their rate of adA^ance 
in tlie invasion of ijifectiH.l speeiinens Avas appreciably sloAver (Fi^r. 1, E). 
Failure of the sj)eeies to attack Avalermelon fruits spontaneously in the field 
Avould seem attributable mainly to the sIoav jiennijialion of its oospores—a 
eharaeter ]>lainly adverse to ready establishment of a foothold in tlie tissues 
of the floAver sear (20, p. 383). The eueinn!)er strain a])parently has j^^reater 
eapac'ity for infeetiiifr encumber fruits than most cultures referable to the 
species. Hecause of its relatively iinamlh^uous patho‘^enicity this strain 
has been used in prepariiiji- some of the accompanyin«^ fi<rures; the other 
illustrations of the species l)ejn<r made mainly from 2 strains isolated from 
separate* spei'iimms of diseased pea roots coll(‘(;ted in June, 1924, near Ilam- 
burjr, X. Y., and near Mount Morris, N. Y., respectively. 

AVhen a random assortment of separately isolated cultures belonging to 
Pifthivni are ^l•o^vn undt‘r similar conditions side by side the 

differences that ('tunc to li^dit Avith respect to sucli macroscopic features as 
rapi<lity mycelial e\leusi()u, luster, and cuuuilous variejration, are ordi¬ 
narily more ])ronouuced than the differences cvi(h*nt in a comparable as¬ 
sortment of cultures hclonjiin^»' to /\ acanthlvum. On maizeineal a^ar the 
siihmerjied myeolium of I*. (iJi(iau(lru)tK unlike that of 7^ acanthicum, is 
from tin* stai't clearly visii)](* to the naked eye. If the ajxar contains some 
finely divided maiz(‘Ui(‘al in suspension, aJi ai'achnoid aerial mycelium Avill 
iisuall.N’ (leA'clop duriuL'* the first 2 <lays; and after 4 or 5 or 6 days the 
medium often turns yclhnvisli and in |>laces may take on a someAviiat emstose 
apj»earance owin«>’ to the maturatiiui of oosport's in enormous numbers. 
Under microsco]>ical examination the mycelium ^ives the j::eneral imju'ession 
of bein^' iiiucli more delicate than the mycelium, for exaniide, of P. nlfitnum 
(u* of P. (I( hai fianunt Hesse. The greater delicateness here is attributable, as 
in P. (icandncum and P. jjrrijjhtcion, to extensive deATlopment of the finer 
ramific'ations, since the main axial filaments are not markcdlj" narroAver than 
in the coarse-lookiiii; danipiiig-off species. The operation of the delicate 
branches in cffei'tinjr )virasili(' attack on c(»njicn(*ric forms lias been set forth 
<‘arlier (24, 27)). 

A.s(‘xual reproduction may be ('onveniently broufilit about by cultine' out 
sizable slabs from a tliinly poured Lima-beau-agar ])late culture permeated 
with younji’ m.veelium of the fungus, and transferring them to a slialloAV 
layer of sterile water in a sterilized Petri dish.- At temperatures betAveen 
If)"’ and 18*^ C. the irripited traets of mycelium */]ye. rise hen* and there to 
subs])herieal (‘ular^umients filled Avith densely <>Tannlar protojilasm. These 
enlarfrements occuir in varied relati(»nsliip to the parent hyphae. Several 
of them may som<*times be found clustered near the tip of a short branch 

- In (U(1 pv tlnit the water ina.v spread ont thinly and not collect in thick unmanageable 
pools, tlie floor of any Petri dish intended to be used for z(M)sporaiigial development or 
for oospoie germination should Ix’ freed of all grea.sy film l)y scouring it thoroughly with 
an abrasive cleanser. 




^ h C. Oiicumhvv frnit d<nrs after iiioculati ) n cucumber strain; 

X). Wat..n.u.lou fruit M .1uy« uftor inocnlution w r)^T4l,?rJ 

V 4. K. ru.u.„,».v f..u.t ,luys nftur Inoeulution ^x" ’ 
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2, A), or again, may be compounded in a linear series which wlien 
delimited by cross-walls a])poars as a lobnlate sporangial unit (Fig. 2, B). 
Often a sporangium may consist of a single globose enlargement together 
with an adjacent ])ortion of hypha (P'ig. 2, C, D), or of a conidium-like 
siibspherieal enlargement alone (Fig. 2, E, a), or of 2 or more globose en¬ 
largements togetlier with eojujecting and arijoining hyphal parts (Fig. 2, 
E, b). Soon after il has been delimited the sporangial unit (Fig. 2, F) puts 
forth an evacuation tube (Fig. 2, F, t) Avhich on attaining definitive length 
yields at the ti]) to ])ermit migration of the )u*otoplasmic conbmts into a 
terminal vesicle (Fig. 2, (i) that often is only faintly discernible. When its 
migration is completed, the mass of granular material undergoes transforma¬ 
tion into laterally bieiliate zoospores after the manner usual in the genus 
Pif/Ilium: the motile s|»ores (Fig. 2, II) being fashioned in the course of 15 
to 25 minutes, and thiMi escaping on disintegration of the vesicular film. 

If left undisturbed the moderaiel}’ thick wall of the evacuated sporan¬ 
gium (Fig. 2, (1~W) retains its shape for some time, as does also the mem¬ 
brane of tlie evacuation tube (Fig. 2, 0-W: t). Tlie general make-up of the 
empty sporangial unit offei-s paralh‘lism esj)eeially with Pytlmim acanthi- 
cuHL In instances when* the s|)oranginm cojisists of a single globose ])art 
together with a relatively short eylindriea] porlion of the i)arent hyi)ha, the 
eva<Mialion tulH» more often arises from the cylindrical ])art (Fig. 2, F, (i, I, 
d, L) than from the subspherical eom])onent (Fig. 2, K, M). Similar 
preference is evuhmt wh<*re tlie swollen eom|)oiu‘nt is bilobed (Fig. 

2, JI, P), or wliere the hy])hal part is of considerable volume (Fig. 2, N), or 
where 2 globosi* ])arts are included (Fig. 2, Q-T: a, b). Occasionally 4 
(Fig. 2, T", a d; V. a ^i) or 5 (Fig. 2, W, a-e) subspherical enlargements 
tire found united inio s]>orangial units somewhat more complex tlian can 
ordinarily he fouiiil in V. acanthicum ; the evacuation tubes of such volumi¬ 
nous units arising som(Mim(\s from an e\])a,iided part (Fig. 2, U, t) and 
sometimes from a hyphal romponent (Fig. 2, V-W: t). While the tubes 
put forth by small sporangia (Fig. 2, L, t; M, t) may measure only abont 
.15 p in length, those (*xtcM(l(‘d from the mor(‘ massive sporangia may attain 
hmgtlis of 200 or 225 p (Fig. 2, P, t; T, t). TJie empty tubes as a rule 
terminate abruptly with little apical nuHlilication : they rarely widen out 
markedly near the tip, are usually not iipjied at the mouth, and apparently 
m‘V(n' are ndlexed. 

bexnai r(‘prodnclion starts earlier and proceeds more rapidly in Pyihinm 
idiqandruni than in most congeneric forms. In maizemeal agar plab? cul¬ 
tures kept at temperatures between 25® and 30® C. oogonia oft(m begin de¬ 
veloping abundantly witliiii 30 hours after inoculatioji. They arise as 
globose hyplial enlargements in subterminal (Fig. 3, A) or intercalary posi¬ 
tions (Fig. 3, B-D). Tla.Mr growtii is often directed toward one side with 
the* result that their attaehiiK'iit may becojue more or less lateral (Pig. 3. 
E-J). During the later stages of expansion the individual oogonium puts 
forth protuberances from all portions of its surface. These jirotnberances 
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Fl(J. 2. Asexunl roprodiietion in l^yiUium oligandram ; drawn to a uniforoi 
H«*ation w'tli the aid of a eaiin*ra liudda, from iriifyatod Liiiia-bc*an agar preparations; all 
parts drawn from the ITaiiibnrg culture except K, 1 j, M, S, and W, wliieh were drawn from 
the Eden (N. Y.) pea root-rot strain; x 000 throughout. A. Globase eulargcineiit devel- 
(4:Ing torjuinally on a hyphal branch. B-l»; E, a, b, Sporangial units delimited by septa. 
F~1J. yporaugia showing successive steps in zoospore production. I~P. Empty sporangia, 
ea-ih with a single expanded component. Q-T. Empty sporangia, each wdth 2 subs]dier- 
ical compiments, a and b. . U, V. Empty iiporangia, each with 4 globose components, a ~d. 
W: Empty sporangium with 0 globose eom]»onents, n-e. X. Encysted zoos[Ktj**s, a—1, 
showing variations in size and shai)e. (t, evacuation tube.) 




Pig. Pu Sexual rcju-oduetive ap]>aratiis of Tijlhiinn uligandriim (irambiirg strain); 
drawn with the aid of a camera lucida from inaizemeal-agar cultures; x 1000 throughout. 
A-C. Yoiiiifr growing oogonia. D. Nearly full grown oogonium su}>i)lied with a young 
anthoridiuni. E. Nearly full-grown oogonium. P. Full-grown oogonium shortly before 
deposition of basal septum; its contents consisting of small luini»s. CJ-J. Parthenogoiictic 
units in stage shortly before thickening of oaspore wall. 
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fir<* ai first of* a rounded, Avartlike conformation 3, D, E), but throujrh 

apical (‘Jon^^ation t]i(‘y soon ac(|iiire an irrej^ularly conical, taperinj? shape. 
A])out at the time the spines are attaiiiinj;? their definitive length, the proto¬ 
plasmic coiilenis of the oo<*oniuni clianjre from a densely frranular to a coarse 
Jumpy texture (Fi^^ 3, F). Soon afterwards the oogonium becomes de¬ 
limited by deposition of 1 (Pig. 3, (1, H) or 2 (Fig. 3, I, J) partitions, and 
its contents shrink away from its spiny envelope as tlu^ protoplasmic lumps 
t'omposing tlicin incr(*as(^ j^atluT markedly in si/e. At tins stage, wherever an 
antheridium (Fig. 4, A) or ])ossibly 2 anllieridia (Fig. 4, B) are j)res(‘nt— 
apfdicalio)! and development of a male. coitUplenumt takes place usually 
while the oogonial spines are being rormed—I'cTtili/alion is accojiiplished 
miK'h as in the g(‘neraJity of* relattxl species. In any case, whether an 
aiitlieridium is present (Fig. 4, (\) or not (Fig. 4, E). the spherical proto¬ 
plast soon secretes a thick wall, a homogeneous r(‘serve globule gradually 
(M)llects in the center, and tJi(‘ large j)roloplasmic lum])s disintegrate to 
furnish material for llie finely granular j)arielal layer tJirongh wdiich ])liiral 
refringent bodi(‘s (d‘ comj)aratively small size become distributed. Mani¬ 
festly the oospJi(‘r(‘ undergoes'conversion into an oospore of distinctive 
internal stnudure (‘(jually av(‘I1 by partlienogenesis (Fig. 4, P, G; Fig. n. A, 
a, I); B-1) as after fertilization (Fig. 4, D). 

The prevalence of pai*theuogenesis in Pijlhitan olitnuidnini varies con¬ 
siderably aimmg dilf(*rent strains of the speci(‘S, and is, besides, subject to 
great variation from environmental causes. In tlie original diagnosis it was 
indicated that apj)roximately 4 out of o oogonia dev(‘lbp(Hl y)arthcnogeneti- 
cally—this being tlie ])ro])oj*tion most usually round wJum the strain used as 
type (one isolated f]*oin a <list‘olored pea rootlet gatlieri‘(l near Eden, N. Y., 
in June, 1924) was grown (»n maiz(*nieal agar at 24*^’ C. Under like cojidi- 
tions the generally very similar Hamburg pea-root-rot strain (Fig. 3. 4, 5) 
shows virtually tlie same projiortion of j)arthenog(*jietie rc'firodnclive a|)- 
paratns. In the Bcltsvilie ciicnmber-rot straiji antheridia are coirmionly ])ro- 
duecd 2 or 3 times more ahnndaiitly (Fig. 6, A, li, U; Fig. 7, A-D), and as 
a result parllnmogern'sis occurs tln^e in corrcs]>ondingly lesser measure 
(Fig. 6, D K). Oji tlio other lunul, jji the Mount Morris pea-root-rot strain 
15 or 20 oog(>nia may ofl(*!i be found developing t>artlienogenetieally (Fig. 
H, A, B, ])"Q) to every oogonium supjdied wilh an antlieridium (Fig. 7, E; 
Fig. 8, (^). A striking illustration of variability from (*nvironmental caus(*s 
was once jirovided by ibe Mount Morris strain when occasion was taken to 
compare a mai/emeal-agar platt* culture grown in the laboratory at about 
27° G., w’ith an irrigated lania-bcaii-agar j)i'cparatioii .stored in a refrigera¬ 
tor at 18^ 0. Tri the forjuei* scai*(icly one oogonium in a hundred was found 
supplied with an anthei'idiuni; whereas in the latter every oogonium wns 
su])plied with at least one anilieridium, and many w'ei*e supplied with two. 

Whether formed in some ahuiidaiice (Fig. 4, A-D; Ph‘g. 6, A-C) or in 
relatively meager ninnher (P’ig. 8, C) tht* antheridia are mostly borne 
terminally on branches arising from a filament liaving no close mycelial 



Fi(f. 4. ScxiimI irpriMlurtivc ;jj)pai7itiis of VnIhUtm olitfotnlrum (.strain); 
(lra.\vn witli tl»o aid of :i eam< ni liu-ida from jnnizrmcal-agar plate cultures; x lOOO 
tliroufflioiit except in T?, a, and K, If, where iiiagnifieation i.s x 2000. A-H. Six intercalary 
(A, H, T), E, P, U) and 2 terminal ((\ 11) oo|ronia, 4 amonj^ them parllieno^enetir', 

the otln'rs fertilized by 1 (A, C) or 2 (H, D) antlieridia borne on a .sin^rU* brain h arising 
from a neighboring hy]»ha; llie oospores in A and B in early lnni])y stage, with lumps 
apj>earing in surface view as shown in B, a; oosjmres in tJ, E, TT thick-wallod, with fissured 
lumps apt^earing in .snrfaci* aspect as shown in E, bj oospores J), E, (i, fully inatun-. 




su-.-an^^t tal/?f "fTamorn■?’.V»a«m ohf,a^dr„m (Ilaii.lMii 

:< 1000 tliioughout. A. Two ad jju-fiit iiitorj-il ivv a^r-u- plate eultniv! 

delimited bv a plop; on both sidc^! B-T FiWitproximal oj 
among them (B.E-T) intenalarv ind *• t;rSwr^?;V''^ 

Sizod i^peciiJieii }»e8ct witli poorlV develora-d in-ofiih..V.ml G being an nnde 

both i>imima]l.v and distallv; tlio otlu rs^ B- ' V T ;l‘'»nnited by crosswal 

h'liig which in some instaneeA (B, 1> B B L i ■ delimited proximully bv 
developed oogonial prolubcran<T.s :i-r ihowiiiir ivr « ‘bsini(*giating. J. Wtd 

blunt tip. ^ *’ iiTcgiilarly taiM>riiiff shape and soinewlni 
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conii(*cti(ni with iJio Jiyphal elejiieiit beariiijr tlie oofioniuiii. However, with 
SOUK? search in a^nr (Miltures rather scum after sexual re])r()dueti()ii ]ias 
bejriui, and before loo many liiameiits and hJ’aiieJies Jiave faded from view, 
instances can usually be found where the mycelial connection between 
antheri<linni and ooj^onium can be traced with certainty. The unit of sexual 
aj)[)aratus shown in fi<*in‘e 7, A. where the combined hmj^th of oojjronial 
branch (Fi**-. 7, A, a), antheridial brancli (Fi^.^ 7, A, h), and intervening 
liy])hal ehmients is api)roximately 225 p. inay be taken as illustrating an 
unusually close jnyeelial eonncetioji; tlion^h an (*ven elostn* connection, 
wher(‘ 1ln‘ total ]en<;th of the communi(*atini^ olemejits is only about 125 p, 
is shown in fijiin-c 7, lb In most instances whei*e a mycelial connection be¬ 
tween tli(‘ conjnpatinjr orjians (‘an l)e followed snceessfnlly amid the con¬ 
fusion oT hyj)hae, the aj'^r(‘»^ale lejiji'tli of the ('ommnni(‘atin^- parts varies 
from 250 to (iOO p (Fip;. 7, 

As niitrht be exp(M‘t(‘(l in view of their usually soim'what extensive appli¬ 
cation to oo^onia rathe)* closidy b(\set with spines. th(‘ aiitheridia of Pyfhiitin 
a/lyaii(lnnn vary cojisiderably in si/(* and sha])e. 8ome of tlie smaller 
spec'iiiKMis. (‘onsistin^ ]n(*rely of a slijihtly croolv-neek(‘d inflated terminal 
s<‘,trment ( Fi;^'. 4, A), art* not <i‘n‘atly ditferent f)*(jm the sessile monoclinons 
antheridia familiar in I\ ult'nnuni, M(»re oft(*n, however, the delimiting’ 
septum is laid down some distajice bac'kward from the ex]>anded tip, so that 
the inale cell ('Oim's to include a tubular j)ortion taperiny: jiradnally toward 
the has(' (Fi^’. 4, (\ I); Fi^’. b, x\, H). Fnapiently. owinjr to terminal branch- 
ini'’ or to local (*onst)‘i(*tion, aji antheridium may be distijictly lobale (Fi^’. 
7. A. 1)). Wh(‘j*e i’ami(i(‘alion of the antheridial hypha has h'd to the foi*ma- 
tion of 2 fairly massive h]*an(*h(*s, cr(»ss-walls may be laid down to delimit 
ea(‘h as a separate antlan-idinm (Fi*?. 4, J>, D; Fiir. (>, ('!). 

The in'odnction of tei*minal branch antheridia by Pylhinm oliyaiidnaH 
miji’lit j)erhaps be held to distinguish this species acFcpiately from P. 
avlotroyiis, in whi(*h acc'ordin^* to de Hary's (2, 4) original descriptive stat(*- 
nuMits fertilization was st'en to be accomj>iished by an antheridium consistinj? 
always of a hyphal sejinumt adjacent to the ooji’oninm. However, since in 
many cultures of m>' fmmus branch antlieridia are oft(‘n only sparini*ly 
lU'oduci^d, and indeed ai*(* sometimes ali.nost Avholly lacki))**:, the abseJice of 
such (*asily I'tiw'O^nized mah' c<‘lls in d(* Bary's material could hardly be con¬ 
sidered a fully d(visiv(* distiimuishin.u IVatiu’e should P. oJiyaitflnun be 
found to ])roduce adjacent cylhidrical anth(*ridia as well as branch antlxM*- 
idia. Much mat(*i*ial was examined, tlierefor**, to (hdermine wind her in *iJi(‘ 
sp(‘cies oo^’onia not supplied witli brancii antlieridia develop pai*theno^^eneti- 
cally or at times, if not always, are fertilized by an adjacent male sejjnient. 
Fertilization of the oo^^onium by ])assafre of iirotoplasmic materials thron^di 
the jiartition delimitino’ it at tlu* proximal end should be especially subjc^ct 
to observation, for as a rule this partition is not an ordinary membranous 
cross-wall but a massive i)luf^, usually 2 to 10 p lonj^, composed of a gelati¬ 
nous substance (Fig. 2, G-1; Fig. 4, A-TT; Fig. 5, A, E; Fig. (), A-G, 1: 







3? IG, 6, Sexual reprtidiictive apparatiis of l*yt]i,ium oligaiidrum (Beltsvillc cuoiiiubor 
strain) ; diawn from nifiizonicol-agar plato (•ultures with tlio aid of a. camera liicida; 
X 1000 through out. A—IT. Bight well-developed ougonia, ea.eh delimited proximallv by a 
plug; two (A, B) being supplied with 1 anthcridium, one (C) with 2 antheridia, the others 
lacking anthendm; m A the eontenta are still granular, in C the lumpy oospliere 
has contracted, in B and D the oospore wall is being deposited, in E—IT the parthenospore 
IS fully mature. 1, Small intercalary oogonium with mature parthenospore showing only 
2 refrinpmt bodies d. Very ^all terminal oogonium with a small parthenospore of 
unitary internal make-up. K. Oogonium whose envelope surrounds an oospore wall that 
encloses a very small secondary oogonium wherein is contained a mature parthenospore 
of unitary organization. ^ ^ , 
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Fijjf. 7, A -D; Pij^. 8, A, C, E) apparently similar to the substariec seei-eted 
wliere hyphae are iMit or wounded. This phi^ remains intact not only during 
llie period in which fertilization might take jdace, but for man}^ days after 
the oospore is fully mature, until eventually it undergoes gradual shrinkage 
and alveolar disinlegratioii (P^ig. 5, B, P, H, I; P^ig. 6, II; Pig. 8, D). When 
2 oogonia are formed adjacent to each other (P"ig. 5, A, a, b) the proximal 
one (Pig. 5, A, a) is commonly bounded by a plug on each side; and oc¬ 
casionally a solitary oogonium (P^ig. 8, A, P^) is likewise delimited by plugs 
both proximally and distally. As passage of protoplasmic material through 
a plug never has come under observation, it can hardly be doubted that 
development of intercalary oogonia bounded b.y plugs at both ends and of 
terminal oogonia bounded ])roximHlly by a plug (P^ig. 3, (I, II; Pig. 4, C, H; 
P^ig. 5, C, D; P'^ig. C, D) must be parthenogenetie wherever a branch 
antlieridium is lacking. 

The commoni)la('e membranous cross-walls usually delimiting inter¬ 
calary oogonia at the distal end—smdi cross-walls arc foiiml bounding at both 
ends some inten-alary oogonia (Pig. 5, G; Fig. 8, G) presumably formed 
aftc*r the mycelium had become too largely exhausted for the isolated living 
remnants to retain much polarity—offer greater diffieulty in determining 
presen(*e oj* absence of fertilization like that ascribed to Pythium artofrogus. 
Since in that si>ecies de Bary conld see the empty fertilization tube only in 
favorable instamM‘s, it may h(‘ inferred that in most units of mature sexual 
a|)para1us the aniheridial eharacter of an adjacent hyi)hal segment was 
(*vi(leuced only by an aperture in the delimiting se[)liim. Such an aperture, 
ir present in l\ oUgaudrum, would almost certainly be obscured beyond all 
ivcoguitioij iji lln* majiy instances where several oogonial spin(‘s are found 
j)rojt*cting out in positions direcdly above and below the septum. Fortu¬ 
nately, in my fungus the distal delimiting wall is frequently placed well 
beyond the ti])s of all distally projecting spines, and thus can often be 
scnitiiiized to good effect. Yet in no instance lias any likely aperlnrc been 
dis('ov(U’ed, nor has any tubular or fnniiel-shaped modification been seen that 
could be held to have derived from antlieridial aetivity. Furthermore, 
oogonia Avitii filamentous liyphal prolongations, often 25 to 50 q long (P^ig. 
5, I), G, I; P^'ig. 8, D). Avere often taken nndcr observation, especially during 
the contraction of the proto]>last, to determine whether an antheridinm 
might then be present, contrilmting its contents after eomplete dissolution 
of a temporary partition, So far no good evidonee of such broad conjuga¬ 
tion has been uncovered. Gonsequcntly the view that adjacent antlieridia 
are wholly absent in P. oligandrum, and that wherever an oogonium is not 
su])])lied with a branch aiitlmridium its development takes place partheiio- 
geuctically—a view iiieorjiorated into the diagnosis of the species—still 
seems well justified. 

However the portion of tlie diagnosis setting forth the refringeiit body 
in the oospore as ‘‘often not clearly in evidence, when visible often snb- 
spherical 3 to 4.5 ^ in diameterhas required emendation (26). The un- 
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Fjo. 7. Sexual JV])ro(1n('five appjirntujs of rythium oHyandrirni «hovviiif( luvcrlial 
coniu‘('tioii between oogoniuni and antliorjdimii; clraAvii from maizeineal-agar plate cultures 
at a uniform magnification with the aid of a camera lucida; > r»()0 throughout. A, B. 
Vnils of sexual apparatus of the Beltsville cucumber strain, showing unusually close 
mycelial connection of the pain'd organs. C, J). Bjiits of sexual apparatus of the Belts- 
vilh} cucumber strain, showing the rather remote mycelial coniu'ctioji more usually found ; 
in C an additional antheridium m evidently being su]»plied by a branch, c, from a neigh 
boring hypha. JO. Tnit of sexual apparatus from Mount Morris (N. Y.) pea-root-rot 
strain; oogonium full grow'n Init not yet delimited from supporting branch; showing the 
rather remote mycelial connection usually found, (a, oogonial branch; )>, antheridial 
branch.) 
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happy ])ljrasinj? of the passage cited came from perplexity as to what con¬ 
stituted correct internal or^jjanization in oospores of the species; the 
refrin^^cnt bodies here bein^ not especially hard to see, but assuredly difficult 
to reco^niize in their true character if the obsei*ver is stronj^ly expectant of 
the unitary oi*ganization common to most pythiaceous fiinjri, including the 
very intimately related Fythium acanthicuni and P. jieriplocim. At the 
early stage in development of the oospore, when in most congeneric forms 
the single refringent body first becomes visible among the protO])lasmic 
lumps surrounding it, P. olinaiulrum likewise often shows only one siudi 
body. Indeed, sometimes in rather small oosjmres (Fig. 4, 11) only a single 
refringcut body may be j)i*esent in the somewhat later stage when the 
j)rotoj>lasmic lumps have begun to sJmw Ihe minute concentric aJid radial 
tissuriiig Avhereby tJiey become resolved into iiiimitc granules (Fig. 4, E, b); 
thougij ill most cases 2 to 4 of these cellular components are then revealed 
(Fig. 4, p], F). As maturation jiroceeds tlie refringent bodies increase to 
11i(‘ir <h‘finilive number, which for oosiiores ot* usual dimensions, t'ormed at 
temperatures betw(‘en 25^^ and varies commonly from 4 to 15 (Phg. 

4, T), F. (j; P^ig. 5, A 1; P^ig. (>, P^-tr; Fig. 8, D-F). In some exceptionally 
larg(^ o<»sp(»res (P^ig. (i, II) as many as 25, 2(), or 27 refringent bodies have 
been counted, Avhile some decidedly small specimens (Ph'g. 6, I; P'ig, 8, G, H) 
have slioAvn only two. After diligent search very small oospores have even 
been found that at maturity (*ontained ordy a single refringent body and thus 
rlisf>layed the unitary organization familiar in related fungi. These minute 
sport's, only about 10 p in diameter, were a])[)arently formed late from small 
isolated I'cmnants ot‘ living mycelium (Fig. (i, J), or occasionally W(M*e pro¬ 
duced ill a secondary siiorangium within primary reproductive apjiaratns 
whose eont(*nts for the most ])art had suffered degeneration (P"ig. (>, K). 

Altliough the multijdication of the refringent bodms entails n'duetion 
of their diameter to about 2 or 2.5 p, th(*y remain rather c.ons])icuous in the 
fimdy granular parietal layer of the mature siiore. Once the unusual as¬ 
sociation of jiliiral rid'ringcnt bodies with a single reserve globule has hr‘('ome 
familiar as a distinetive feature of the spoeies, Pythium oJigandrum ean he 
rei'ognized solely by its i*esting oosj)ort‘s; its identifieation then lieing ])os- 
sible oven ill old isolation eultures, heavily eoiitaminated Avith bacteria, 
where all membranous vestiges of hy])iiae, anthcridia, and spiny oogonia 
have long disa])f)eared from view. Although old oos])ores of i*ongenerie 
forms often siiow multiple s.|)horieal vacuoles in the paru'tal layer, these 
A"a<MioJes ('ail usually he distinguished from the jiliiral refringent bodies of 
P. oJigtindrum by their larger and freipiently more variable size. Larger 
size likewise ])ertaius to tlie 2, .‘5, or 4 refringent bodies found in oosiiores of 
some coiigeuerie speeies after their nuitary structure lias undergone modifi¬ 
cation through ]>rolongcd aging. The multiplication of refringimt bodies in 
P. oJifKnulrum eannot similarly be aseribed to after-ripening, as it is usually 
aeeomplished in maizemeal-agar tJiroughout the ex]mnso of a Petri-jdate 
culture TOO mm. in diameter within 5 or (> days after inoculation—at a time 



Phytopathology 


796 


[VoL. 36 


^vhen in parallel cultures P. ultimum and P. (hhariinnmn have ol’ton not 
yet beofun to produce sexual apparatus. 

Amoiif? the oopronia that in addition to a snbspherical spiny part include 
a rather extensive filamentous prolonfration at one end or at botli ends, some 
fail to collect their contents wholly within the subs])hcrical part; so that the 
oospores will bear a projection, often more or less cylindrical, at one or at 
both poles (Fi{^. b, I), lender eej'tain conditions ol* develojunent many 
oof^onia may be formed consistiiif? of a relatively small "lobose ])art toj^ether 
with much more voluminous prolon«!:ations, wiiich sometimes arc smooth 
(Fij;. 8, T, J) and sometimes are elaborately beset with spiny protuberances 
(Pijr. 8, K). Such rangy oogonia commonly produce an elongated oosfjore 
whose irregularly cylindrical shape is nuaPfied by a bulbous enlargement 
(Fig. 8, I; J, a; K, a), and frecpiently, in addition, give rise to a second 
cylindrical oospore having no bulbous modification (Fig. 8, J, b; K, b). 
Occasionally liyplial segments, wholly devoid of outward difFercntiation, 
function as oogonia in giving rise endogenously to elongated cylindrical 
oospon*s (Fig. 8, Ij-Q), or in exireme instances to filamentous oospores 100 
to 300 p long and 3 to 4 p wide. The reserve material in cylindrical and 
filamentous oospores is divided among a variable number of globules which 
like the plural refriiig(ml bodies are arranged lougitndinally at mod(*rate 
intervals (Fig. 8,1-P), Obviously the organization here imposed by spatial 
necessities is not ecpial in descriptive merit to th<‘ nniltiplicate organization 
characteristic of the ordinary snbsjdierical oospores of my Pylhium hidicoidcs 
and its close allies. Some eylimlrical oosimres reveal plural reserve globules 
and a single reJringent body (Pig. 8, K, b; Q), tbus’reversing the normal 
numerical relationsliip of these cellular comptmeiits. 

The iiietrical data given in the original diagnosis relative to size of 
oogonium and oospore were based on 200 measurements of the Eden pea- 
root-rot strain grown in maizcim‘al-agar ])late cultures under the saim* con¬ 
ditions as the cultures of Pylhivm avanlliicum and ffcripjocum utilized 
for im^asuremeuts previously reported (20, ]). 402, 400). The 200 o(»goiiia 
chosen at random gave* valu(*s for diameter, cxp!'css<Ml in the nearest integral 


number of microns, distribntalde as follows: 17 p, 2; 19 2; 20 p, 1; 21 [j, 1; 

22 m, 3; 23 p, 8; 24 p, 23; 25 p, 27; 26 p, 31; 27 p, 36; 28 p, 31; 29 p, 14; 
30 p, 11; 31 [j, 5; 32 p, 2; 33 p, 2; 35 p, 1, And the oospores, all of cor]‘e(*t in¬ 
ternal organization, that werf* contained in those oogonia,-gave valu(‘s for di¬ 
ameter distributed as follows: 15 p, 2; 17 p, 2; 18 p, 1; 19 p, 2; 20 p, 8; 21 p, 
24;22p, 38; 23 p, 44; 24 p, 36; 25 p,22 ; 26 p, 15; 27 p,6;28p,3;29 p,l;30p, 
1. While the 3 closely related eeliinulate species are thus rather similar in 
their main dimensions, the generally similler size of P. acanthicum is nearly 
always directly recognizable when microscopical comparison is made between 
representative cultures grown under similar conditions or between assort¬ 
ments oi such cultures. In such comparison P, pevlplocum is not found con¬ 
sistently smaller than P. ohgandrum, since its oogonia and oospores are 
virtually of the same size as those of numerous strains of the latter species, 



Fig. 8. Soxu.mI rcjjrodiu'tivc apparatus of Pyihium olir/andrvm (Mount Morris poa- 
root-rot strain) drawn from maizomoal-agar plato cultures with a camera lucida; :< 1000 
throughout. A, B. Intercalary parthenogenetic oogonia, each with a ]>artlieiiosporo in early 
stage of development. C. Intercalary oogonium supplied with an antheridlum. D-P. 
Intercalary oogonia of ordinary size, each -with a mature parthc‘nospore. <jl, H. Small 
oogonia, each with a small parthonospore that contains only 2 rofringont bodies. I-Q. 
Oogonia of aberrant shapes, each with a mature parthenosporc, except J and K, which 
contains 2 parthenosporcs, a and )». 
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including, for example, the Mount Morris strain. Nevertheless, owing to 
the larger dimensions of many other of its strains, such as the Hamburg j^ea- 
root-rot strain and th(» Bcdtsville cuc»ninber-rot strain, P. oUgandrum may 
rightly be considered the somewhat more robust s])eeies. Its oogouial pro- 
tul)erances (Fig. 5, J, a“-e), on the whole, appear longer, more irregularly 
contoured, more pronouncedly tapered, and more numerous tlian those of 
P, acanihmim and P. pcriplocwm. 

Under natural conditions oospores of the soil-inhabiting Pythiaceae 
presumably germinate for the most part in water containing no nutrient 
materials either in solution or in suspension. When bathed in sterilized 
distilled water newly matured oospores of Pj^dhmm oligandnim give no sign 
of germination. After resting for 40 or *50 days a small propoi'tion of 
oospores will usually germinate when imiiiersed in a shallow layer of water. 
Practically all oospores in maizemeal-agar culture become capable of germi¬ 
nation after aging for 150 to 200 days. Onset of germinative development 
is manifested by change of the reserve globule from a spherical to an irregu¬ 
lar shape. The refringeiit bodies gradually bet*ome less distinctly visible, 
while at the saim* time radial markings appear in the oospore wall, or 
rather in the somewhat darken* inner layer making uj) about two-thirds of 
the thickness of this wall (Fig. 9, A). Soon the refringent bodies are wholly 
lost to view, and the radially striate darkish layer merges indistinguisliably 
witli the granular protoplasiuie mass, whieh thereby comes to (»xteud to th(» 
])ersistent thin elear outer lay(»r of tlie oospore wall (Fig, 9, 1^). The 
S|)herical eel), now tliin-Avalled, buds forth a ])rotnision that on penetrating 
tlie oogouial envelope eontinues growth outside as a germ liypha (Fig. 9, B, 
t; C, t). On abrupt yielding of the hyjdial tip (Fig. 9, D, t) Ihe proto¬ 
plasmic contents flow into a terminal vesicle to be fashioned into laterally 
bieiliate zoospores; tlie number of the spores produced varying usually from 
5 to 15. The empty evacuation lube here cojnmouly ranges from 10 to 50 |i 
in length, and from 3 to 4.5 p in greatest width (Fig. 9, E-L: t). In most 
instances it terminates abruptly witlmiit distal modification, though oc¬ 
casionally its mouth is minutely lipped (^Fig. 9, I), t; I, t). Most frecpiently 
the evacuation tube js found coming out directly from the sjiherieal envelope 
of the oogonium, yet now and then it cruj)ts from a filaimuitous prolongation 
(Fig. 9, Ti, t). Wherever germ liyphae attain lengths mneh in excess of 50 [i 
without functioning as evacuation tubes, and hegiu to ramify (Fig. 9, M), 
zoosporangial reprodnetion has obviously been abaiuioiUHl in favor of 
my('.e]ial growth. Jnstajiees of such abaiidoiimeut arc not frequent if the 
water layer is shallow and is left undisturbed; so that in carefully managed 
prp])arati()fis well alter-rijiened oospores will begin to liberate zoos})or(‘s 
within 4 hours, and lor about 6 or 8 hours longer Avill continue producing 
additional motile spores to provide often a far livelier display of active 
swaJ'iners tiiau can be obtained by irrigation of young mycelinm. After a 
period of motility tlie zoosi)ores round up (Fig. 9, N-X) mueli like those 
(Pig. 2, X, a-1) produced from sporangia of asexual origin. Later, as a 
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Fig. 9. Germination of oospoics and partliciiospores of Pythium olipandrym (Ham¬ 
burg pea-root rot strain) from niaizeincal-agar plate cultures fi montbs old; drawn with 
the aid of a camera lucida; x 1000 throughout. A—D. Oospores showing, respectively, 
(A) assimilation of thick inner layer of wall by protoplast, (B, C) extension of germ 
hypha, (D) individualization of zoospores in a vesicle formed terminally on the germ 
hypha. E-L. Empty membrrinoua envelopes left after escape of swarmers from vesicle. 
M. Oospore germinating by production of a branching mycelial hypha. N-X. Encysted 
zoospores. Y, Z. Empty cyst en^ elopes after escape of a secondary zoospore from each, 
(t, evacuation tube.) 
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rule, they {i;ernjin«te vejretatively, th(»uj?h some few individuals usually 
develop iteratively, each diseharg^iii}? its contents throngli an evacuation 
tube (ITi^r. 9, Y, Z), ‘J to op lonj? and 2.5 fi wide, for conversion into a 
s(H-otidary laterally biciliate zoospore. The behavior of the fungus in the 
laboratory suggests that in nature it produces zoospores more abundantly 
from its germinating ()osj)ores and parthenos])ores than from zoosporangia 
formed by its mycelium. 

Aside from the eastern United States, where my material of Pythium 
oliiiandrum originated, the species has becMi recorded from several otlier 
regions. Nattrass (36) in 1937 reported having isolated it 2 years earlier 
in (Vprusfrom immature fruits of Prm/i/.v Batsch. Wager (42), 

who in 1931 cited **Pyfhium sp. cf. P. Jrtoiroyus (Mont.)- de Bary” as 
having been found associated with wilting of a Sliirh»y poppy (Papaver 
rliof ds L.) and of a sna])drag()u (A'ntirrhinum majits L.) in South Africa, 
subsequently (43) referred the fungus to P. oliffandrtnn, at the same time 
making known that it had further beej) isolated in Soutli Africa from wilting 
plants of marrow {Cucurhifa prpo L.) and of cabbage (lirassica ohracfa 
h. var. rapitafa L.). For the most part the descriptive i)articu]ars giveii by 
Wager agree* with the inorphology revealed in my cultures; yei it. may be 
noted that om* of his drawings (43: fig. 9, a) wherein an oogonium is shown 
fertilized by an antheridium bonie terminally on a branch, about 37 [i long, 
arising from the oogojiial stalk only about 7 p from the female oi-gan, i)i(d ur(‘s 
a closer mycedial connection hetw<‘en conjugating sex elements than has 
ever come under in> observation in material of the species. The oogonial 
spines shown by Wager seem somewhat too sharply pointed at the' ti}), 
though they are otherwise of sha])e and stature usual in my cultures. Very 
sliarply pointed spines are also shown in a figure of P. oliyaiulntni recently 
published by Ulieste»rs and Hickman (12). who in England several years 
earlier (11) isolated from diseased roots of a cultivated violet {Tioh? sp.) 
some cultures lield referable to the species. These authors depict an andro¬ 
gynous antheridium (12: fig. 3, D) that apparently lias its origin even closer 
to the oogonium than the androgynous antheridimn figured by Wager. No 
eoinmeiil is made by Wager or by Uhesters and Ilicknian (*oneerjiing tin* 
presence of refriugeni liodies in the mature oospore, nor art' sueli com¬ 
ponents recognizable in their illustrations. Middleton (34, p. 114, 115), who 
reported having found the species on the carrot {Daticys carnta L.), the 
C’hristinas flower {Euphorbia pulchcrrima Willd.), needlegrass {Stipa sp.), 
and wheat {Trificinn arsfivum ]j.) in tiie United States, described the 
oospore as containing a single reserve globule and refringent body. ’ 

During several de(*ades prei^eding its description Pylhimn oUyandrvni 
could hardly have failed being encountered from time to time by investi¬ 
gators dealing with root rot and damping-off of the higher plants. It may 
be presumed that the usual disposition of the fungus in this earlier period 
is correctly suggested in Butler s report (42, p. 39) on the identity of the 
cultures isolated by AVager from snapdragon and Shirley poppy. Although 
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Butler failed to make out antheridia in these cultures and did not discover 
any evidence of hypojrynal male cells such as he (10, p. 100) like de Bary 
(3, 4) before him had ascribed to P. arioiro(jus, and though he thought the 
cultures alien to the fungus he had figured in his monograph as well as to 
the fungus to which de Bary had originally applied the epithet, he neverthe¬ 
less referred them ‘'for the present in the collective species ariofro(/us/’ 
That the species artoiroyus had in its a])plieatioii acquired a strongly col¬ 
lective character seems fairly certain. Most oF the reports on its occiuTence 
give little suggestion that details r<*lating to autheridial morphology had 
received appropriate atteiitiori when the determinations were made; agree¬ 
ment with respect to siz(* of oogonium, presence of oogonial protuberances, 
and size of oosj)ore being apparently deemed sufficient to establish identity 
as long as no other species embodying somewhat similar featur(*s had been 
described in the genus. Tf in accordance with usage so broad, P. acanthicum 
and P. jtci'iplocuin should, like P. olujandmua, have happened to be recorded 
under tlie binomial P. arlofroyHs, the (UTor would have concerned species 
that ijresumably are iutiiiiatel 3 ' related to the one with which they were con- 
Tiised—all being distinguished by capacity f()r attacking congeneric forms, 
and bv the tapering sha])e of their oogonial protuberances. Much wider of 
the mark would have been the almost ecjually probable application of de 
Kary’s binomial to P. spinosuni Saw. (39) and P. mamillalmn Meurs (33), 
which through their jiiore typically digitate oogonial ])rotuberances, their 
ratlier copious production of aerial mycelium, and their inability to para¬ 
sitize ('ongejieric forms, are at once (‘stranged from the oligandrunt series 
and brought into aliginiierit with the familiar damx)iiig-off pathogens P. 
irngulare Biiism. (9), P, deharyafufm^ and P. uUimnm. 

SiiUM* seviwal s])eeies of Pgihium with spin.v oogonia mostly" 18 to 27 p in 
diameter arc now known to exist it can no longer be considered wlioll.v 
certain that the fungus found by de Bary in dead tissues of herbaceous plant 
parts and described by him juainly from cress-seedling {Lrpidium salivuni 
1j.) cultures as P. artotrogus was the same as the fungus which produced in 
a sprouted potato tuber the pronounced!}" eehinulate reproductive bodies 
when^ou Moutagiie (5, 0, 30) more tlian 30 years earlier had based tin* 
generic and specific characterizations of Arlolrogus hydnosponts, Accord- 
ingl\', disagreement witli de Bary’s description can no longer be held neces- 
saril}’ to imply separateness from Montague’s species. The sx)ines figured h.v 
Montague (6: fig. 29) seem much narrowei*, more acutely i>ointed and more 
thicklj" crowded than any oogonial protuberances I have ever obs(?rved in 
cultures of Pythium; though in such particulars allowance must be made for 
wide differences in habits of draughtsmaushix>. h'ailure to mention or to 
depict antheridia miglit ])erliaps be held especially suggestive cither of the 
cousisteiitl.v partlieuogenetic P. anaiidnim Drechsl. (17, 20) or of the fre¬ 
quently partiiciiogenetie P. (digandrum; but the oogonia of these 2 sx)ecies 
rather markedly exceed in diameter the 1/50 mm. indicated for this dimen¬ 
sion bv Montague. Aetually Montague’s fungus might have been a form 
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well supplied with antheridia; for if the male elements of P. acanfluciim and 
P, pcriploctim, for example, soon become indiscernible even in a transparent 
substratum and under a very jrood modern microscope witli ex(*e]lent il¬ 
lumination, it seems at least probable that similarly evanescent elements 
could have remained undetected iji more or less opaipje potato tissue under 
a microscope ol* the sort used a century a^ro. In view of the attendin<>: 
difficulties it is not surprisinj,^ that de Bary (4, p. 576), who later examined 
authentic material of A. hydnosporus in a dry permanoiit mouni, was not 
able to fijive njuch further inrormation with respect to the mycelial relation¬ 
ships and possible antheridial supply of Montafzne^s spiny bodies. Al- 
thoujrh de Bary held as umjuestionably identical with these spiny bodies 
some echiiiulate structures which he had found in potato (Solamun tvher- 
osum li.) tubers alfected with the late blijirlit fun‘j:us, Phytophihora inftsfans 
(Mont.) de Baiy, and which he subsequently (4, p. 576) reco^niized as 
oo^^onia of his P, artotroyns containing!: oospores in mature or maturing 
condition, it is worthy of note that one (2, fip*. 1) of Ids three early fijrnres 
il!ustratinj>: the echiiiulate structures seems to show 4 cellular c<)m]>onents 
c<»rrespondin^ remarkably well in size to the plui*al refrinjrent bodi(*s of P. 
oliyavilrum while another figure (2, fig. 3) seems to show 2 such (M)mpon(*nts. 
Possibly the comment (4, p. 576) in his definitive account of P. ((rtotrocpis 
to the eftect that his earlier description had not adciiuately set forth the 
constitution of tin* oospore contents may have been ijitended to disparage 
the accuracy of these figures in sljowing jdurally the cellular componenls 
under discussion. He stated (4, p. 624) at all events that at full maturity 
the condition of the oospore in P, arioiraytis was like the condition illus¬ 
trated in a ripe oospore of his P. megalacaifdhnm, or in a ripe oospore of his 
P. prolifernm —both revealing unmistakably a single refringent bf^dy in Um* 
parietal layer surrounding the single reserve globule. Likewise in another 
treatise (3, p. 61), devoted more especially to sexual reproduction in the 
oomycetes, he included all species of Pyihium therein descrilxMl by him - and 
P. artoiroyus was one of these species—among representatives of \'arious 
genera whose ripe oospore he found to contain a single “heller Fleck“ (re¬ 
fringent body) in tJie parietal granular layer surrounding the “Fettkiigel” 
(reserve globule). AVhilc these* statements by de Bary must be held to 
establish iniitary organization of tlie oospore as a sf)ecifi(‘ character of P. 
artofroyvs, his curious failure to sui)ply in his two later imbli('ations any 
figure showing unitary organization in a ripe oos])ore of the speedes invites 
speculation whethec some difficulty may nut have intervened such as could 
have been occasioned by intrusion now and then of material referable to 
P. oliyan<lritm. Although Butler (10, p. 100-101) gave little attention to 
internal organization of oospores, his characterization of the antheridia in 
P. arf drogvs as being “always hypogyiial,’^ together with his first-hand 
delineation of consistently hypogynal antheridia i)resumably from material 
of a spiny form he found in Calcutta in decaying potato tubers affected with 
Phyiophthora infestans, would seem to provide the only record rather un- 
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aiiibi*iiimisly setting' forth an association of the host relationship of A. 
hyrlHffspnnfs with the aiitheridial morphology characteristic of P. artotrogvs. 
InileiMl, BntliM-’s account wonici seem to provide also about tlie only first- 
Jiand record, a])art from de Bary’s description of P. ariotragus, wherein 
s])iny oogonia are set forth as being fertilized exclusively by hypogyiial 
anthcridia. In recent times, however, Matthews (32, p. 101-104) described 
as P. (chiitulatum a fungus with spiny oogonia usually fertilized by hy- 
pogynal antluTidia, rarely by branch anthcridia. Though held to be similar 
to P. artolrmfiis in general appearance and in size of oogonia and oospores- * 
the oosjmres individually containing a single refringent body—the fungus 
was separated from that species bec^ause it produced numerous conidia and 
zoosporangia. From the description given of them, these conidia and 
s])orangia r(*semble rather closely the homologous reproductive bodies of P. 
(f(hary(inn)n as well as the conidia of P. ultimuni, which species de Bary 
(‘vitlenlly included under the one named in his honor. The resemblance 
seems of some momenl, since in all of de Bary’s cress-seedling cultures P. 
avioirogns never occurred except in admixture with P. dcharyanum; the 
s])iny form, accor<ling to his account, appearing tardily in somewhat meager 
quantity after the smooth damping-off })arasite had ])rodiiced a fairly 
luxuriant mycelium and numerous reproductive bodies. Under these eir- 
cumslaiioes should the sj)iny fungus have produced asexual reproductive 
bodies indistinguishable from those of P. ddaryanufn -iiud in this conuee- 
ti(»n tli(‘ difficulty of distinguisldng generally similar bodies when seen only 
in mixtnr<‘, together with the inferior capabilities of the microscopes in use 
(io oi* 7d years ago, ne(*ds to be considered—de Bary might not, he ratlier 
cl(‘arly inlimat(»s ( 4, p. 574, lines 43 to 49), have been able to refer them to 
P. (irl(dr(HjKs, If seen only in mixed cultures of the kind studied by de Bary, 
(»ven the s|)Orangia of P. oligandnnn and of P. avavfhictimf though differing 
more ])rou<mnced]y from those of P. debaryanum than the sporangia de- 
srribed and tiguJ*(‘d by Matthews, might perhaps not be distinguished suc¬ 
cessfully from the more numerous alien reproductive bodies present with 
them. Wliend'ore, indeed, in separating these 2 spiny forms, and for that 
mattei* also P. periplovum, from P. arfotroyns, it was deemed advisable to 
rely almost wholly on differences relating to morphology of sexual repro¬ 
ductive a|>pai*atus. 

GERJMINATIO.N OF OOSPORES OF PYTHITTM PEHIPLOCUM 

Oospores of Pyfhiam periplocinn produced iu maizemeal-agar plate cul¬ 
tures seem, like those of P. ohifandram, to reeparo a fairly prolonged resting 
period before they will germinate readily in pnre water devoid of nutrient 
substances. After some cultures had been stored in the laboratory for 165 
days at temp(‘ratures fluctuating mostly between 28° and 32° C., about a 
third of the oospores germinated ])romptly on shallow irrigation. When 
storage was continued 45 days longer at slightly lower temperatures, nearly 
all the oospores germinated, some of them undergoing transformation into 
zoosporangia so rapidly that zoospores began swimming about within 2 hours. 
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the restiujr period the oospore shows very gradually increasing 
contrast between a relatively thin colorless outer layer and a thicker yellow¬ 
ish inner layer (Pig. 10, A-G). In many instances the typically unitary 
organization of the proto])last (Fig. 10, A-C) becomes modified through the 
presence of 2 (Pig. 10, D, E, P) to 4 (Pig. 10, G) refringent bodies; the 
increased nnniber of these bodies being often found associated with a 
noticeably vacuolate condition of the parietal granular layer (Pig. 10, P, G). 
Soon aftei* an oospore is ininicrs<*d in fresh water the thicker yellowish inner 
layer of its wall reveals imninierable closely arranged radial markings (Pig. 
10, P). The striate layer now dissolves away in a localized region about 
2.5 to 5 [{ wid(\ ])ermitting the protoplast to protrude against the thin outer 
layer fPig. 10, II). Before long the outer layei* yields in the region of 
contact as the protrusion presses forward into the oogonial cliamber and 
then forces its way through the oogonial envelope to elongate externally as 
a germ tube (Pig. 10, I-L: t). In the meantime the striate inner layer of 
the oospore wall undergoes gradual obliteration throughout its eireundVreiice 
(Fig, 10, I), and soon merges indistinguishably with the protoplasmic mass, 
which thus is expand(‘d to make contact everywhere with the persistent 
outer layer of the wall { Eig. 10, J-L) ; the reserve globule during the same 
period chaiigiiig from a globose to a more irregular shape (Pig. 10, H, L), 
or often dividing into 2 or vacuole-like parts (Pig. 10, J, K) as the re- 
friiigcnt bodies are lost to view in their granular matrix (Pig. 10, J, Ij). 
Eventually the whole prototdasmic mass streams through the germ liypha 
into a terminal vesicle, wlicre it is fashioned into laterally biciliate zoospores 
(Pig. 10, M). The empty eva<'uation tube li(*re commonly measures from 
50 to 200 fi ill length (Pig. 10, M-Q: t), thus, with respect to this dimension, 
generally exceeding the corresponding element iii P, oJifjandrum, Very 
often the mejiibrane of the tube is abruptly reflexed at the orifice (Pig. 10, 
M-P: t), thiuigli iristauees are never lacking whore the mouth has no lipped 
modification ( Fig. 10, Q, t ). Bather frequently an evacuation tube is found 
bearing a short branch near its base (Pig, 10, N-P: t), and occasionally 1 or 
even 2 branches may la* found attached farther upward (Pig. 10, Q, t). 
However, more abundant hrancliing of a germ hypba (Pig. 10. R) usually 
betokens here, as in allied species, that direct zoosporangial re])roduction is 
no longer jiossible, and that, instead, the substance of the oospore Avill be 
used for mycelial growth. The zoospores produced through oospore germi¬ 
nation swim about for some time before they come to rest and round up 
(^Pig. 10, S~Z). In all respects they behave mueli like the zoos]>ores produced 
from sporangia of mycelial origin. 

MOm>lIOLO(JY AND DEVELOPMENT OF PYTHIUM SALl'INOOPlJOHUM ‘ 

Although Pythium saJpingophorum gives rise to vegetative hypliae as 
wide as 7 [i, it produces such stout hyphae less abundantly than P. nltimum. 
P. deharyamtWy or P. irrcgulare, with the result that its mycelium, on the 
whole, looks considerably less coarse than mycelium of auy one of the 3 most 
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FlO. 1]. PylUiuDi Milpintfo'phornm. A. Mycdium from bottom of a inaizemcal-agHr 
plate culture, sLowhig thick curving hy])lial eleinentH poHsibly resulting from elongation of 
functionally frustrated appreasoria ; the alveolate protoplasmic strin-ture revealed by the 
hy])hal elements being rather usual in aging mycelium of the species, li, C. Tracts of 
myct'liiim froai U])per surface of a maizemoaJ-agar plate culture, displaying elaborate 
systems of small hyphal coils. Photomicrographs, all approximately x 300. Photomicro¬ 
graph ill A has been retouched. 
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faniiJiar clainpiiijr-otf si)ecies. In inaizemeal-aj^ai* plate enltures the fungus 
after several days often displays inimerous rather coarse irrej^ular hyphal 
loops ill eontaet with the ^lass floor of the Petri dish (Pig. 11, A). Sinee 
these loops have about the same width as the ajipressoria which during some¬ 
what earlier stages of vegetative growth are recognizable as swollen knobs 
borne terminally on branches of variable lengths (Fig. 12, A, a-d; B, a-d; 
(\ a-g), they might readily be presumed to arise by jirolongation of frus¬ 
trated appressoria. Such a presumption, liowever, is open to some doubt, 
inasmuch as the submerged hyphal loo])s are noticeably coarser than the 
chains of sickle-shaped stnu'tures that can often b(‘ observed in meagerly 
irrigated preparations, and that very obviously come into being through re¬ 
peated renewal of growth by appressoria nnsnccessful in penetrating the 
glass dish. Further ground for doubt is oft'er(*d in the usually ratlier copious 
production of elaborate hyphal coils (Fig. 11, P», C) on the upper surface 
of agar cultures, where all development of penetrative organs Avould be 
excluded. Although in the main the coils formed on the upper surface are 
more delicate as well as more intricate than those formed on the glass flooi*, 
scattered examples seem to provide transition from one type to the other; 
thereby suggesting tliat the submergeil coils may in some degree derive* 
from growth tendemdes not directly connected with development of ap¬ 
pressoria. What(*ver their nature may be, the curious hyphal coils, above 
and below, ai*e of1(m helpful in identifying the species wlien means are 
lacking for inducing asexual re])roduction. 

Inke most species of PiffJnum adapted to a terrestrial habitat Pythiiini 
.wlpinifophorum is ca])able of producing som<‘ zoos])orangia under cultural 
conditions unsuitable for zoospore forjuation. Thus wlien grown at 20 ° C. 
on maizemeal-agar d<*void of liquid water it usually gives rise in the course 
of 15 to 20 days to a fairly generous scattering of subspherical asexual re¬ 
productive bodi(*s (Fig. Id, A, a) resembling with resi)ect to size the familiar 
conidia of P. ultiimim. Such globose reproductive bodi(*s, if transferred to a 
shallow layer of watej- kept at a temperature near 15° soon reveal them¬ 
selves as zoosj)orangia by juitting forth an evacuation tube (Pig. 13, A, t; 
I>, t) individually. Far more abundant (lev(do])meiit of S])orangia ensues, 
however, wlien young well-nourished mycelium is ]>laeed iiiider eonditioiis 
suitable for immediate formation of zoospor(*s. When, for example, slabs 
are excised from a thin plate eulture of maizemeal or Lima bean agar well 
]>ormeated Avitli aetively growing mycelinm, and are placed in a shallow layer 
of water at*ir)°C.. asexual reproductive apparatus (Fig. 13, C-R) will 
usually be found jiresent in enormous quantity after 10 to 20 hours; the 
innumerable sporangia tlien protluced, intermingled amid a confusion of 
active and encysted zoos])ores, not only blanketing the surface of the slabs 
but (extending out over the nari’ow’ fringe of extramatrical mycelium. 

Probably the most distinctive morphological cliaracter assoi'iated with 
asexual reproduction in Pyihmm salpingophorum is the very pronounced 
distal widening of the evaeiiation tube (Fig. 13, C, t; D, t). After the a]>ex 
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of the tube has yielded to permit the si)oran{j:ial eoiiteuts to flow out, the 
flarinty terminal imrtioii of the membranous enveloj)e folds backward after 
the manner of a trumpet with reflexed bell—a f(*atiire sigriialized in the 
epithet chosen for the species. Where the enij)ty tube is less than 5 p in 
leu{ 2 :tli, the envelope in its entirety offers a bell-like contour (Pig. 13, E, t; 
N, t; 0, t; P, t). Since the vesicular film is attached, as in other species, to 
the very rim of the membi’ane, the rolled anterior portion of the reflexed 
tube extends ])ercej)tibly into the chamber of the vesicle (Pig. 13, G, t; II, t). 
Generally the vc^sicle here can be seen more readily than in P. oligandrum, 
being ii(*arJy always discernible with good illuniination. Even at the time 
sporangial dis<‘hargp has just been comjileted it is usually considerably 
larger tlian tin* mass of loosely enclosed i)rotoj)lasm. It grows in size as 
zoospore formation proceeds; so that before the zoospores are ready for 
liberation its diameter is usually twice the diameter of the empty sporangium 
(Fig. 13, H, a). In most instances the sxxmangial envelope, on being 
evacuated, contracts ap))reciably in volume, and at the same time takes on 
the haphazard irregularities of contour frequent in the shrinkage of (*my)tied 
membranes (Fig. 13, P, a; G \; K, b; I^N; P); though in some instances 
the membrane is sturdy enough to maintain its smooth outline after evacu¬ 
ation (Pig. 13, 0; J, a, b; K, a). Many of the largest and sturdiest 
sporangial envelopes (Fig. 13, T; J, a, b; K, a, b) arc found in intercalary 
positions in hy])hae lyijjg directly on irrigated portions of substratum. 
However in irrigated material the most usual position for a s^iorangium is 
a subterminal position 3 to 20 p below^ the tip of a simple or meagerly 
bran(*,hed filament; tiu' terminal hyphal part being borne distally on the 
reproductive bod.v somewhat like an apj)endage TFig. 13, D; E; F, b; G; H; 
M-P). 0(*<'asionally wdiere the terminal byi)hal part is very short, it is not 
cut off by a sejitum; so that the sporangium comes to liave a beaked shape, 
and occn])ies a terminal position (Fig. 13, P, a). A similar beaked ])ro- 
longation may at times likewise modify the shape of a sjmrangium borne 
more or less laterally (Pig. 13, (^). Now" aanl then after a terminal or 
snbtermipal s])orangium has been evacuated, renewed grow-th from the 
basal sex)tum leads to the ])roduction of a second sporangium W'ithin the 
emptied envelope (Pig. 13, E) ; or the supporting liypha may grow' out 
laterally just below' the basal septum of the first sporangium (Fig. 13, P, a) 
to bear a se(*ond sporangium (Fig. 13, F, b) on an obliipie branch of variable 
](*iigth. In my irrigated i)reparatioiis of the fungus, proliferous develop- 

forth directly an evacuiitioii tube, t, which is about ready to yield at its expaiuled tip. 
K. Oospore, a, that has discharged its contents through the evaciialiou tube, t, into the 
vesicle, b, where they have been fashioned into 12 zoospores. L-TJ. Oogonial envelopes, 
each containing the. empty outer layer of the oo.spore wall, from which the protoplasmic 
contents have migrated through the evacuation tube, t, to be transformed into zoospores 
in a vesicle. V. Oogonial envelope, a, surrounding the thin outer layer of the oospore 
wall which is prolonged into the evacuation tube, t, near the mouth of Avhicli 8 immature 
zoospores have encysted irregularly to form a cluster, b. W. Oogonial envelope, a, sur- 
sounding outer layer of oospore wall which encloses 3 well-encysted zoospores; near mouth 
of evacuation tube, t, is a cluster of 8 irregularly encysted zoospores, b. X-Z. Zoospores 
that have encysted after pt'riod of motility following liberation from vesicle. 
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Fin. 13. .\s,.xi.al iciMo,lnctiv,. apparatui, of Pythium xaliniuiophonim, ilnnvi, with 

aaar «.-»i^n?eaI-agar (A, B) and irrigatod Bitna-bea,.- 

ag.ir. x.l(00 tinoiigliout. A. Two znos^iorniigia formed close together, one of them a 
m an inert eonidial condition the otlier, h, aetivel.v extending an ova-nation 1111 .^ B 
Intercalary sporangiuin actively putting forth an evaeiinlion tube. (\ Lateral aporan; 
giuni with an evaeimtion tube nearly ready for deluseence. D. Hiibtevmi.ial sporangimil 
with an evaenation tube ready for deliiscence. E. Si.bteriiiinal sporangia envelo e 
that after ht'iiicr onintied has liefomo lnTo.^K- i.. . ^ ^ lujic 


ttat after la-ing emptied has become hargely occupied bv a secondary sporangium F 
Hypba which attcyiroducing a terminal sporangium, a, branched du4aliv to bear'siib- 
tenniiially a second sporangium, b. G. Subterrainal sporangium about 2"miniitcr.-iftcr 
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mont. Avlietlier hy uniaxial elonjratioii or by subsporangial branching, has 
always been relatively iufi*equent. Since, further, such development has 
been I'omid almost exclusively among tlie less rangily attached sporangia 
formed in crowded arrangement on the upper surfaet* of irrigated agar 
slabs, where observation is far more difficult tlian in the surrounding extra- 
raatrieal fringe, it can hardly be regarded as a feature promising much 
usefulness in the recognition of the species. 

In some irrigated preparations of Pythium saipingophorum the actively 
swimming zoospores (Fig. Pi, H, b) have appeared to be slightly longer in 
proportion to tJieii* width than the zoos]K>res of most members of tlie genus. 
The difference in shape has, however, not always been clearly observable, 
and accordingly is not to be urged as a distinguishing feature. On coming 
to rest the zoospores round up to form subspherical or prolate ellipsoidal 
c.ysts (Fig. 13, (i, a-i). Although these cysts usually remain submerged, 
tliey iiave at times been found floating on the surface of the water in count¬ 
less numbers. They germinate rather readily by putting forth a common¬ 
place germ hypha (Fig. 13, R). 

Sexual reproduction takes place freely both in irrigated Lima-bean-agar 
])reparalions and in cultures of maizemeal agar containing in suspension a 
substantial (juaiitity of finely divided maizemeal. As in Pythium oli- 
{landrum, parthenogenetic development is fre(juent. The young oogonia 
make tJjeir appeuraiu'C here and there on the mycelium as subspherical, 
prolate ellipsoidal, or oblate ellipsoidal enlargements. Often wdien two or 
tln*ee are formed adjacent to one another, and no antheridium is j^resent, 
they look at first much like* (*oiiidia; their cliaracter as oogonia, however, soon 
becomes evident when, after they have attained definitive size, their proto¬ 
plasmic contents assume a coarsely lumpy texture (Fig. 14, A, a-c). A 
thick, spli(‘ri('al oospore wall is then laid down in intimate contact with the 
inflated portion of oogonial envelope (Fig. 14, B, a, b); the wall as a rule 
being physically se])arafed from the envelope only where the oog(uiium is 
extended at either end. A number of reserve globules thereupon become 
visible in the midst of the protoplasmic lumps (Fig. 14, B, a, b). Later these 
are united into a single reserve globule; and the surrounding lumps are 
resol^’ed into minute granules to be distributed as com])ononts of the parietal 
layer in which a single refringent body of orbicular or oblate ellipsoidal 
sliaju* emerges clearly into view. Tlie resulting parthenospore when fully 
mature (Fig. 14, C; D, a-c; E, a -c; F, a-c; G, a e; II, a-d) thus reveals the 
unitary internal organization characteristic of oosporc's in most members 
of the genus. 

Although parthenogenesis often predominates over conjugative develo]^- 
rnent in Pythium saipingophorum, it is common for 1 in 3 or 4 oogonia to be 

discharge of contents into vesicle. II. Snme suorangiinn about 15 minutes after dis¬ 
charge, showing 14 zoospores within vesicle nearly ready for liberation; b, zoospore after 
liberation. I; J, a, b; K, a, b. Empty cnvelopos of intercalary sporangia, each hearing 
a rather long, empty evaciiatJon tube. L-P. Empty envelopes of siibteniiinal sporangia, 
each bearing a rather sliort, empty evacuation tube. Q. Encysted zoospores, a-i, showing 
variation in size and shai)e. It. Oerininathig zoospore, (t, evacuation tube, j 




c 



















'XJkJ 



mm 








/.Soale—ju 
'o ao ^o 


irrigated T^inia'-Lean-agr?r'^'fAT b) satpingophorum drawn from 

with the aid of a camera lucida; >: 1000 throughout A Hvnh?h‘’^ ^*“*0 cultures (CNT) 
pown oogoiiia, a-<!, that are heginuing partheiiom'net h.‘3 young but fuU- 
2 nogonia, a and b, each containing an imni 

tercalary oogonium of large sice, wfth a mature l)arthenoH7oro”‘l7r ‘ P 

oa«h bi-anng 3 mature parthenospores, a-c IJ Pnrflnn of hypliae, 

„-a. I., '432 " .7Srp!ai;s.j.sis 






1946] 


Drechsleu: Specie!^ of Pytiiium 


833 


supplied with a male complement. Most' frecjuently this complement con¬ 
sists of a single clavate crook-necked antheridiiim (Fig. 14, J-N; O, a, c) 
borne on a short branch arising from the f>ogonial hypha either in immediate 
proximity to the oogonium (Fig. 14, K-N; 0, a, c) or occasionally at a 
distance of several microns from the oogonial boundary (Fig. 14, J). Now 
and then an androgynous brancli anthcridium is supplied from both the 
proximal and the distal side of the oogonium (Fig. 14, P). Occasionally, 
again, an antheridiiim (Fig. 14, Q, U) or 2 antheridia (Fig. 14, S) are con¬ 
tributed by a hypha having no close mycelial connection with the oogonium: 
male cells of such origin being more often sessile than those of androgynous 
origin, and usually lacking crook-necked curvature. As a rule the oogonial 
envelope becomes noticeably lipped about the short fertilization tube usually 
extended from the apex of the antheridiujii. In most instances a substantial 
portion, if not all, of the antheridial contents are delivered through the 
tube. Failure of fertilization may be inferred in other instances (Fig. 14. 
K, O, a), where no tube is intruded or where the anthcridium retains its 
contents nndiniinislied. Here and there an oogonium (Fig. 14, O, b) may be 
found to which is directly attached an antheridial branch supplying an ad¬ 
jacent older oogonium (Fig. 14, 0, a); an appearance being thereby pre¬ 
sented as if the antheridial branch were of oogonial origin. There is much 
reason to presume, however, that in all such cases the antheridial branch 
grew out from a poi'tion of undifferentiated hyphal filament, and that it 
came into its anomalous positional relationship subsequently when the 
hyphal portion was dist(‘nd(»d to form the younger of the 2 contiguous 
oogonia. A similar relationship of parts is frequent in my P. paroecandrum 
(22, p. 208) and has been observ(»d lik(»wise in some cultures of the familiar 
P. vJtiiHum that produced sexual apparatus very abundantly. 

In irrigated preparations of Pythivni salpingopliorum scattered oogonia 
may be found enclosing oospores so much smaller (Fig. 14, K) that separa¬ 
tion between oogonial envelope and oospore wall is no less distinct than in 
P. deharyanum or P. vltimnm. Iloivever, in agar cultures such separation 
is usually evident only where the spherical contour of the oogonium merges 
Avith tlie cyliiidriital contour of the supporting filament; though here and 
there, especially in terminal (Fig. 14, H, d) or laterally intercalary (Fig. 
14, J) oogonia, separation may be observable, besides, in blister-like ir¬ 
regularities of the oogonial envelope. For the most part, oospores of the 
species have little the aspect of endogenous reproductive bodies. On aging, 


slightly immature with resj)ect to distribution of ri*st*rve material among several globulef$. 
J. Oogonium fertilized by a branch antheridiiim arising nearby from same hypha; oospore 
in early stage of development. K. Oogonium apparently not fertilized though supplied 
with a branch antheridium arising nearby from the same hypha; the parthenospore here 
being unusual in lying loose within the oogonial chamber. L-N. Solitary oogonia, each 
supplied with an anthcridium arising nearby from same hypha; the oospores here showing 
successively later stages in maturation. O. Three adjacent oogonia, one of them, a, sup¬ 
plied with an anthcridium on a branch from its younger neighbor, b, while the third, c, is 
f(5rtilized by an anth(*ridium originating nearby from the parent hyiiha. P. Oogonium 
supplied wUh 2 antheridia, both borne sessile on the oogonial filament. Q, E. Oogonia, 
each supplied with an anthcridium borne sessile on a neighboring hypha. S. Oogonium 
supplied with 2 antheridia sessile on a neighboring hyidia. 
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after all aiitheridia Lave vanished from sight, they could readily be mistaken 
for ehlainydospores, were it not for their internal organization. They show 
g(nierully a fairly high degree of uniformity with respect to size. The 
metric data, given in the diagnosis, relative to oogonium and oospore were 
bascsl on 200 nn'asureinents of specimens chosen at rajidom in 14-day-old 
maizemeal-agar plat(‘ cultures containing veiy abundant sexual apparatus 
with virtually no degeneral ion. The 200 oogonia gave values for diameter, 
(■.^pressed in tin* nearest integral number of juicron.s, distributable as fol¬ 
lows: lip, 1; 12 u, 1:13 p, 10; 14 p, 27; 15 p, 42; Kip, 54; 17 p, 41; 18 p, 
14; 19 p, (i; 20 p. 2; 21 p, 1; 22 p, 1; and thCjSOO oosj)ores or parthenospores, 
all of correct internal sti'iieture, that were contained in tlii'in, gave values for 
diameter, cxi»ressed in the nearest iidegral number of microns, <listributable 
thus: 10 p, 1; lip, 1; 12 p, 13; 13 p, 29; 14 p, 40; 15 p, 62; 16 p, 33; 17 p, 
ll:18p, 6;19p.4. 

Oospores fi*om maizemeal-agar p1at<* cullure 250 days old were found to 
germinate freely when ijiaced in a shallow layer of water kept at tempera¬ 
tures near 16" (’. Dnring the jn'riod of after ripening the oospon* wall 
becomes more distinctly differentiated into an outer eolorless layer and a 
somewhat thicker yellowish inner layer. On immersion in water the ditfer- 
entiatioii is further aeeentnated througli radial markings of the inner layer 
(h'ig. 12, T)). In some eas(>s the singh* rest'rve globule now divides into 
several globules, and tlie refringeiit bo<ly also may undergo division (Fig. 
12, E). Wooii the iinier layer of the oospore wall merges ijidistinguishably 
with the protoplast, which jnits forth a j)rotrnsiou that after i)uslung 
through both tin* outer lay.-r of the oospore wall and the oogonial envelope 
eonlinues growth extermilly as a germ tube (r'ig. 12, F); the reserve 
globules and the 1 or 2 relringeni bodies im'aiiwliile being lo.st to view. 
Sometimes after tlie germ liyj)ha has attained a lengtli of 25 to lOO p, all 
the pi-o1oj)lasmi(‘ eojit.eiits of the oospore (Fig. 12, (l-I: a) are utilized for 
the pnuluelion of a terminal si)orangium (Fig. 12, G-I: h), which may later 
]>ut forth an evacuation tube (Fig. 12. 11, t; 1, t) much like a si)orangium 
of myeeliai origin. However, under favorable comlitions the oospore (Fig. 
12, J; K, a) funi-iions directly as a spor.niginm; tJie gc'rm tube extended by 
it (h ig. 12, j, t) forming on its expanded tip a cap of dehi.scence W’hich on 
yielding permits juigraliou of the oospore eontents into a terminal Vesicle 
where they are fashioned into ial<>ral1y bieiliale zoo.spores, mostly 6 to 15 
in number (Fig. 12, K, b). The empty evacuation tubes here are often 
rallier strongly refle.xed at the end (Fig. 12, L--I>: t), though frecpieiitly, 
too, they are merely widened at the month Avithoiit being folded backward 
(Fig. 12, Q-A^; 1), anti occasionally they show' no distal widening (Fig. 12, 
AV, t). Owdiig At*T\ [trobahly to lack of sufficient wuter the vesicle some¬ 
times disintegrates prt'inatnrely, Avith the result that the young zoospores, 
not yet proA'idt'd with flagella, encyst, in irregular shapes and thus remain 
clustereil near the mouth of the cA'acuatioii tube (Fig. 12, V, b; W, b). 
AVhere a portion of protoplasm fails to migrate from the ebamber of the 
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oospore, it is nevertheless successfully fashioned into zoospores, which after 
a period of movement witliin their snudl enclosure round up to form spheri¬ 
cal cysts (PifT- ^2, W, a) indistinguishable from the cysts foimed from nor¬ 
mally liberated zoospores (Fig. 12, X, Y, Z), After being emptied of 
contents the persistent thin outer layer of the oospore wall sometimes re¬ 
mains oppressed to the oogonial envelope (Fig. 12, (r, II, K, N, O, T, V, V), 
but at other timc‘s shrinks away to become more clearly visible as a discrete 
membrane (Pig. 12, T, M, P, Q, R, S, W). 

Tiike many eongejierie forms Pythium salpingophormn is subject to 
severe attack when it is grown on maizemal agar in dual culture with P, 
oligandrnm. Its mycelium is abruptly halted in its advance when it en¬ 
counters growing my(*.elium of the eehinulate species; the extension of the 
(‘chinulatc sy)ecies, however, continuing without interruption. Everywdiere 
in the zone of encounter young hyphae of P, snlpingophornm (Fig. 15, A, 
a; B, a) become elaborately enveloped by branches of P. oligandrnm (Fig. 
15, A, b; B, b). Numerous threads of the smooth species (Fig. 15, a) 
are extensively invaded by assimilative filaments of the si)iny one (Fig. 
15, C, b), although plugs and irregular septa laid dowm in the former have 
some (‘Ifect in restricting the field of each invasion. After the contents of 
the host thread (Fig. 15, J), a) have been appropi'iated, the assimilative 
filaments (Fig. 15, D, b) extend branch(‘s through tlu* hyphal membrane to 
attack other threads. In dual culture with P. acauthicum, the mycelial ad¬ 
vance of P. saipiagophoruni is likew’ise stopped abi’uptly in the zone of en¬ 
counter; and its young hyphae (Fig. 15, K, a) here similarly become en¬ 
veloped by branches of the opponent mycelium (Fig. 15, E, c). While 
large hyphae of the smooth i'orm (Fig. 15, F*, a) sometimes successfully re¬ 
sist invasion by the envelo])ing branches (Fig. 15, F, e), their protoplasmic 
contents nevertheless sufier tlioroughgoing degeneration. Hyphae of P, 
salpiugojihorum having l(*ss indurated w'alls (Fig. 15, G, a; II, a) are 
readily invaded by P. acanthicum (Fig. 15, G, e; IT, c) and when their con- 
t(‘nts have, been approi>riHted (Fig. 15,1, a) the internal haustorial filaments 
(Fig. 15, I, c) erupt through tlie enveloping membrane to begin another 
attacjk. Similar injurA’ is incurred by P. snlpifigophormn when it is grow'ii 
in dual culture wuth P. ptrlplorum; the advance of its mycelium being 
sharply arrested on meeting the opponent mycelium. Here, also, iji the 
zone of encounter numerous h^'phae of P. salpingophormn (Fig. 15, J~0: 
a) arc peiietrated by brandies of the eehinulate si)ecies (Fig. 15, J-O: d) 
and invaded lengthwise by assimilative filaments. Later these filaments 
often push branches (Fig. 15, P, d) through the membrane of the host 
(Fig. 15, P, a) to extend the destructive relationship to other hyphae of 
the smooth species. 

In diseased pea roots fi’om which it was originally described and from 
which it has since been isolated by Horsfall and Kertesz (29), Pythium 
salpingophorurn is frequently found associated with the saprolegniaeeous 
parasite Aphanoniyccs evicichvs Drecbsl. As it was isolated from spinach 



innft Plato i-nlturoa with the ai.l of a camera lucida; 

.1000 throughout. A-1). Ilyphne of Pjtihtiim nalpingophorvm, a, attacked by P. oli 
^ndrvm.h. 1,-1. Hyphae of P. mlpingophonm, a, attacked by P. aranthicum, 1. J-P 
Hyphae of P. Malpingop}wn(m, a, attacked bv P. pcriploenm d > - 
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^'iG. 16. Drawn from inaizeinral-agar plate cultures witli the aid of a camera lucida; 
X 1000 throughout. A, B. Hyphae of Pythium salpingophorum, a, attacked by Aphano- 
myccs cladogamtLS (spinach strain), b. C. Ilypha of Pythium vexans, a, attacked by 
Plcctospira myriandra, b. D. Hypha of Pythium vexarix, a, attacked by Pythiiijn peri- 
plocum, b. E, P. Pythium vexans, a, attacking Pythium pcriplooum, b, by means of 
appressoria. G. Pythium vexans, a, attacked by Pythium aeanthicum, b. 
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(Spinacia olcracca L.) roots collected near Norfolk, Va., Ifite in November, 
1932, and from tomato rootlets collected near Beltsville, Md., in September, 
1942, P. salpingophorvm is known to occur on at least 2 phaneroframic crop 
plants that have been recorded as hosts of another saprologniaceons root- 
rottin*r species, ^1. cladogamus Drechsl. (15, 16, 19). When the fnnjrus is 
grown in opposition to -1. cladogamva on maizemeal agar, its mycelial ad¬ 
vance is abruptly halted where it emumubTs the mycelium of the water 
mold. Many of its hyphae (Fig. 16, A, a; B, a) in the zone of encounter 
are soon copiously involved by branches extended from filaments of A. vlado- 
(jamus (Fig. 16, A, b; B, b), their ])rotoplaymic contents ])roniptly showing 
(h^generative changes by taking on a darkish opacpie, Jumpy ai)iH‘arance. 
Here and there the Aphanomyccs branches narrowly penetrate into the 
Pythivm filaments and intrude assimilative hyphae to ap])ropriate tlie degen- 
eiating materials (Fig. 16, A, B). 

TItK MORPIJOLOGY AND JDKNTITY OF I»VTI11UM VFXANS 

Ill 1876 de Bary (2) briefly described under the binomial Fylhium rtjuns 
a fungus which he first found in the month of July in dead exhausted eells 
of several potato tubers that had sprouted despite infection with Fhjjioph- 
thora infestatis; the specific epithet being chosen IxH'-anse for two long years 
the fungus had given trouble with respect, more especially, to its separation 
from the late blight parasite. Five years later he (4) expanded his earlier 
account by adding a few more illustrations and by supplying furtiiei* descrip¬ 
tive details, most of whieli i)rovided eontrcnsl with Pyiliium dfharynnum, 
Spherieal monosi)orous oogoiiia, in most instances mature, were set forth 
as having been found attached laterally to delicate branched hyphae that 
could be traced into intercellular spaces of the spent tuber; the globose 
organ sometimes beijig borne on a very sliort stalk, sometimes being sc*ssile 
on the parent filanieni, and sometimes, again, being broadly insertinl upon 
the ])arei!t filament as a taug(‘nlially intercalary body. The single aiither- 
idium usually comprising the male eomplement—2 aiitheridia were present 
only rarely—was describe<l as being mostly of curved clavate shape and 
as arising from the oogoiiial hyplia in immediate proximity to the oogonium, 
CoiLsidera})ly smaller size ol oogonium and oospore was represented as a 
f(*ature separating tiie specues from P. drcharyanum; the diameter of the 
former structure having been determined from permanent mounts as 15 to 
18 p; that of the latter structure as 12 to 15 p. The fungus was held dis¬ 
tinguished from P. debaryannm also by the greater delicateness of its oogo- 
nial envelope, by greater size of its oospore in rclaticm to the oogonium, by 
germination of its oospores after only a brief resting j)eriod, and by its in- 
al)ilit- in repeated trials to infect tissues of the potato plant. It gave fur¬ 
ther manifestations of saprophytisrn by growing luxuriantly on dead flies 
and on dead mites; within the mites it produced oospores, but within the 
flies it ga\e rise only to branching mycelial hyphae and to spherical conidia 
like those of P. deharyanvm. In one of de Bary’s figures (4: Taf. V, fig. 3) 
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wherein a iJortion of niycelhim is shown, the main axial hypha would seem, 
fi’om the magnification indicated in the lej»:end, to vary in width from 3.5 
to 4 \}y while a secondary branch w^oiild seem to liave a w^idth of about 1.5 p. 
On this narrow^ branch is shown attached a unit of sexual apparatus that 
reveals in profile view broad application of an antheridium to a flattened 
portion of the oogonial w’all; the portion of antheridial envelope not adnate 
to the oogonium presenting a semicircular contour. In a flgure of another 
unit of sexual apparatus (4: Taf. V, fig. 4) the antheridium is shown ad¬ 
vantageously in dorsal view as being extensively ai)plied flatwise to the 
ui)per aspect of the oogonium; its attachment to a very short stalk arising 
ostensibly from the oogonial hypha in immediate proximity to the oogonium, 
and its divaricately bilobate shape, seeming especially wwthy of attention. 

Butler’s account of Pythium vexans (10, p. 91-94) consists mainly of a 
first-hand description of a fungus which he found not uncommon in garden 
soil in Great Britain and Prance, and wdiich he considered undoubtedly the 
same as de Bary’s largely because of distinctive peculiarities he recognized 
in the frecpiently broad insertion of the oogonium and in the clavate or 
rounded shape of the relatively large antheridial cell. In Ahutilon~root 
cultures the fungus gave rise extramatrically to oospores 20 to 22 p in diam¬ 
eter within oogonia measuring 22 to 25 p in diameter; its main measure¬ 
ments, therefore, not only considerably exceeding those originally ascribed 
to P. vexansy but also exceeding, even if only rather slightly, those ascribed 
to P. deha)*^fannyn (or to the s^uionyinous P. Kqvisfii Sadebeck) both b\^ 
de Bary (21 to 24 p for oogonial diameter and 15 to 18 p for diameter of 
oospore) and by Butler (20 to 25 p for oogonial diameter and 14 to 18 p for 
diameter of oospore). The individual oogojiium was re])orted to be sup¬ 
plied w'ith one antheridium, rarely with two; the antheridia usually arising 
from the oogonial stalk and sometimes being hypogynal. De Bary’s account 
of P. vexans makes no mention of hy])ogynal antheridia, nor of an arrange¬ 
ment of sex organs which Butler found to be fairly common—an arrange¬ 
ment initiated through ])rolongatioii of the oogonial branch from below the 
female cell as a somewhat coiled, plurally diverticulate stalk wdiich then cuts 
off terminally an antheridial cell that bends around to reach the apex of the 
oogonium and intrudes there a fertilization tube. Butler found the anther¬ 
idial cell always closely applied to the oogonial wall so as to fuse wdth this 
wall over a large part of its circumference; the two conjugating organs to¬ 
gether appharing commonly as a pear-shaped bilocular structure. In his 
figures of such structures (10: Plate V, fig. 8, a, b; 9) the male component 
is showui with a dome-like profile rather similar, it must be admitted, to the 
semicircular antheridial profile drawn by de Bary. While in some of his 
cultures Butler obtained zoosporangia in addition to conidia—^both measur¬ 
ing 17 to 24 p in diameter—other cultures yielded conidia but no zoospo¬ 
rangia; so that the fuller scope of asexual reproductive development in his 
fungus was readily reconcilable with de Bary’s findings. Some departure 
from the conidial morphology implied in de Bary’s account might not wholly 
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without reason be read ijito }3utler’is jstateiuents intimating that the conidia in 
his material were much more frequently of irregularly pyriform, ovoid, or 
subangular shai)e than of more symmetrical subspherical shape, and that 
their protoplasmic contents were of denser appearance than the contents of 
conidia iu P. drharijanum. A vegetative character distinguishing his fungus 
from any other species known to him was recognized by Butler in the fre¬ 
quent prolongation of secondary and tertiary branches far beyond the pri¬ 
mary hyphae, and their attenuation at the ends into very fine filaments. 
Lateral branches, according to his statement, were given off in a very irregu¬ 
lar manner; and the mycelium, in general,was slender, finer than that of 
P. deharyannm. 

In 1924 Braun (8) described as a new species, under the binominal 
Pythium complectois, a fungus he had isolated rrom blackened geranium 
{Pf'lanjoniuni sp.) stems found in greenhouses at Washijigton, 1). C., which 
in inoculation (experiments caused decay in the stems of geranium cuttings 
and in (^olrus (‘Uttings, tliough it failed attaetk either cucumber or water¬ 
cress seedlings, and in radish {Raphanns .nations li.) seedlings caused only 
sui)erficial black stre^aks on the sttmis. Williout determining whether his 
fungus would atta(’.k the living potato plant—the only pluinerogam dc Bary 
tried out in the exi)erimentatioii relevant Inwt*—Braun distinguished P. coni- 
pfrclnis from P. ve.ntHs partly on the se(»re of its pathogenicity. He dis¬ 
tinguished his fungus in part, again, on the ground that its hyphae, measur¬ 
ing 1.7 to 4.85 p in width, were ('ylindri(*al with rounded tips and did not 
ta]>er to fine points; although it would setuu by no nieaus certain that the 
vei*y fine filaments of Buthu’^s fungus need necessarily have been sharply 
pointed at the tip, or that tlie plant bearing them was actually referable to 
P. Vi j'ans. Owing to the unccTtain identity of Butler’s plant, the contrast 
that its rare, irregularly siiaped sjioraniria offer to tiie subspherical or oval 
sj)oraiigia produced ahimdantly on various agar media by the geranium 
fungus appears ol dubious relevaiiee in separating this fungus from P. 
vcjranH. Braun assuredly eiTt*d in representing dc Bary as having observed 
no sporangia or (‘oiiidia in P. vcxans: foi% as lias been memtioned, de Bary 
TTp(»i‘te(l devolopniejit ol ('(uiidia wln*n liis spt'eies was grown on flies. In¬ 
deed, since the Oermaii mycologist likened his conidia to those of P. dehary^ 
auum thej must have becJi rather similar tci tin* sporangia Braun ascribed 
to P. comjdcci which in shape and size—their diameter being stated to 
vary from 16.4 to 27.3 p—-sJiow moderate resemblance to the conidia of P. 
dvbaryannm and of P. vJtimum. According to Braun, the opgonia of the 
geranium parasite are borne each on a slender stalk, and are not inserted 
by a broad base into the mycelial tube cifter the manner of oogonia in P. 
vcxdTiif, The aiitheridiiim ol his fungus, au organ described as ‘‘single, ono- 
cellcd. arising from adjaeemt hypha or b(‘low oogonial stalk, persistent, vary¬ 
ing from a trumiiet shape flaring out at region of attachment, to a broad 
in egujarl,> lobed mass clasping a large paid of the oogonium and fused wnth 
it,” Braun recognized as resembling in shape the broadly applied anther- 
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idiuTU by which, in his view, de Bary characterized P. vexans. From his 
qualifying comment to the effect that a figure of de Bary’s (4: Tab. V, fig. 3) 
shows, nevertheless, one clavate antheridiiim, it would seem that Braun 
regarded clavate antheridial shape in P. vexans as a feature rather excep¬ 
tional in the morphology originally ascribed to the si^ecies by its author. 
In reality, however, de Bary set forth the aiitheridium of P. vexans as being 
usually of curved clavate shape and only seldom of other form. Somewhat 
curiously, therefore, de Bary’s statement of antheridial morphology might 
have afforded a stronger argument in favor of separating the geranium 
pathogen from P. vexans than was derived from it by Braun. 

After the publication of the paper presenting Pythium complectens as a 
new species, Braun kindly gave me a culture of his fungus. By comparison 
of material grown under like conditions, the fungus was readily seen to be 
identical with more than a dozen cultures sorted out, mainly because of 
resemblances in mycelial luster and antheridial morphology, from a numer¬ 
ous collection obtained in 1924 from softened pea roots and blackened sweet- 
potato rootlets—^from the same collection in which, as has been noted, P. 
olififtndrum was found so abundantly represented. The species has subse- 
(jiicntly been recognized in cultures isolated from affected roots of pansies, 
tomatoes, ])eppers {Capsicum annnnm L.), beans, giant ragweed plants, and 
]>ah» touch-me-not plants collected in Arlington, Va., in "Washington, D. C., 
and near Beltsville, Md. It has been recognized likewise in several cultures 
isolated from sugar-beet roots collected near East Lansing, Mich., and near 
Saginaw, Mich., in June, 1927, as well as in a few cultures among a much 
larirer number isolated from celery {Apimn ijraveolens L.) seedlings then 
colleetetl near Kalamazoo, Mich. Later it Avas encountered also in a few 
cull lives derived from discolored spinach rootlets gathered in fields near 
Norfolk. Va., in NoA’ember, 1932. 

In inaizemea 1-agar plate cultures the fungus produces a mycelium of 
markedly lustrous radiating appearance attributable here as in allied forms 
to a rather ])ronounccd degree of iiarallelism in arrangement of the sub¬ 
merged and prostrate axial hyphae. This type of appearance, to Avhich 
Braun aptly refers as a “eonihed silk effect,” and which lie illustrates rather 
satisfactorily (8: Plate 1, b), may justly be considered Avell Avorth mention¬ 
ing in descriptive accounts, even thongb its jiresenee in similar cultures of 
A^arious congeneric species, including, for examph\ Pylhiuni complens 
Fischer aiicf P. acanfhicnm, someAA^hat abates its distiuctiA'eness as a diag¬ 
nostic character. AiTial mycelium is frequently absent on niaizcmeal agar 
in Petri-platc cultures, but usually is produced in moderate (juantity on the 
same substratum in tube cultures. SomeAvhat more abundant aerial devel- 
ojimcut ensues Avhen a richer medium like Linia-beaii agar is employed. In 
this medium the submerged mycelium rcA'oals at times some eumnlous A^irie- 
gatioii in density of hyphal elements. 

After its A^egetative growth in maizenieal-agar plate cultures has been 
coiK'hided, the fungus begins to produce, as a rule, both asexual and sexual 
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J? ivT. 1/. Asexual repToduPth e apparatus of Pylhium vexans drawn with the aid of 
a camera lucida from a. maizemeal JiRar plate eulture (A~F), from irrigated maizemeal 
;i{?ar (O-K), and from irrigated Tdma-bean agar (TMT) ; x 1000 throughout A-F lii- 
tercahary sporatigia as found in rather soft maizemeal-agar plate cultures 51 days after 
inoculation. G. Sporangium that was forme<l in a maizemeal-agar culture, and that ex¬ 
tended an evacuation tube promptly on addition of water. 11. Sporangium a that wa^ 
formed in a maizemeahagar plate culture and that jiroinjitlv extended an evacuation tube 
on addition of water; I), same sporangium after discharge of granular contents into a 
yesiele; c, empty, distally refiexed evacuation tube of same spoiangiuin, together with fhe 
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rej)roductive apparatus. Since in such cultures zoospore forinalion cannot 
take place owing: to tack of free liquid water, asexual reproduction is re¬ 
stricted to developTncnt of subsplierical or ellipsoidal bodies mostly varying: 
in diameter between 15 and 30 [i. Jn cultures 15 to 25 days old a substan¬ 
tial proportion of these bodies often me<asuro from 25 to .‘U) ji in diameter. 
For the most part specimens of such Jaro:c siz(* are found in laterally inter¬ 
calary (FijU*. 17, A-E) or mesially intercalary (Fig:. 17, F) positions in the 
stouter main mycelial filaments; thus otfering, with resj)ect to size and 
hyphal relationsliips, the similarit.y to eonidia of Pythiitw (Jrharijanum and 
P. uliinium that is to be inferred from de Bary’s account of P. vexans. 
When the gdobose bodies are sparing:ly irrigated with distilie<l water they 
usually germinate rather prom])tly. Sometimes germination takes ])laee 
almost <*xelusively by emission of germ tubes that grow tUrectly into 
tiranched myc(‘lia; whereas at other times by far the greater number of 
globose bodies give rise to zoospores. The frequent predomiiianee of the 
one or tli(‘ oilier of the* alternative modes of development affords some mea- 
Mire of re('<»neiliati()n betwe(‘n the findings of de Bary and of Braun relative 
to ast‘xual reproduction. 

Butler’s statement that in Pijihium zoospores are given only 

when sporangia are sown iuiiiK'diately in fresh water would seem to imply 
that de Bary’s failuj*e to obtain zoos])ore development could well have been 
due to the age of the eonidia in his material—an implication not necessarily 
<h‘Void of m<*ril because of the questionable identity of Butler’s fungus. 
Braun reported that in P. cotiipJrclcns the asexual reproductive bodies gave 
rise to zoospoi*(*s for 10 days after their formation; the propoi’tiou of bodies 
that prodiK'ed zoospores wJieii placed nn(h*r circumstances favorable for 
germination lliereariiu* diminishing with increasing age. My cultures of 
the speci(*s have shown at times even more enduring capacity for zoosporan- 
gial devidojunent. Tims, although the reimoductive bodies shown in figiii’e 
.17, A -G, which were drawji from a I’etri-plate culture fmepared with rather 
soft, slightly moist agar 51 days after j)lantijig, mostly show(‘d clear evi- 
<ienee of agijig in the ])resenee of a central vacuoh* (Fig. 17, B-G), all of 
tliem and the geiierality of their very numerous fellows germinated as 
sjioraiigia on addition of a small (piantily of distilled water. In this mate¬ 
rial, moreover, germination began very promptly. Many of the globose 
bodies were observed individually putting forth an evacuation lube (Fig. 
17, G, t; Ha, t) williiu 10 minutes after the water had been added; exten- 

vt'sicle shortly boforo the motile? zoospores evseuped. 1. A smjillor interoalary sporangium 
wliicli was formed in a maizeirieul-agar plute culture, and which on nddition of water 
primiptly exteuided an evacuation tu])e and di.scharged its eonteuts into a vesicle for trans¬ 
formation into 8 zoospores. J, K. Empty eiiveloju's le?ft after irrigation of large inter¬ 
calary sporangia from a maizcmcal agar plate culture; each envelope bc'aring a short 
rt'flexed evacuation tube. 1 j- 8. Empty envelopes of sporangia that were formed and dia- 
charged in an irrigated Liina-bean-agar preparation; illustrating intercalary (L, M), 
subtcrmiual (N, O, P, 11), terminal (Q), and lateral (S) positional relationships to sup¬ 
porting hyphae; and showing plain-rimmed (L, M, 8) and reflexed (N-T?) conditions in 
empty evacuation lubes, as well as pronounced variation in hmgth of these tubes. T. En¬ 
cysted zoospores, a-o, showing variations in size and shape. V. Zoospores, a-d, each 
germinating by production of a germ tube, (t, evacuation tube.) 



824 


PH YT< )PATHOLOG Y 


[VOL. 36 


sion of the tube to its definitive ieiijrtli in the course of tlie ensninj? In minutes 
being followed by abni}>t yielding of its hyaline expanded tip and by migra¬ 
tion of the sporangial contents into a terminal vesicle (Fig. 17. H b. t) lor 
conversion into motile zoospores (Fig. 17,11 c; I). Within 45 minutes after 
addition of the distilled water zoospores Averc observed swimming about in 
easily noticeable numbers; in 3 hours they Avere SAvarming nbundantly 
throughout the irrigated preparation. Of the numerous .sporangia a large 
proportion Avere noAv rejmesented only b.y empty euA^elopes (Fig. 17. J. K), 
each provided Avith an empty evacuation tube (Fig. 17, J, t; K, t). 

Zoospore develojinient can readily be iivliiced in the si)ecies, as in most 
congeneric forms, by excising from maizemeal-agar or Lima-bcan-agar plate 
cultures tliiii slabs av(‘11 ])ermeated Avith vigorous mycelium and Iransferring 
them to a thin layer of Avater. In sncli preparations sjAorangia and motile 
zoos})or(»s make their appearance in moderate numbers after about 24 hours, 
and Avith occasional renewal of Avater Avill ordinarily contijuie to be formed 
in some quantity for several days. Since the conditions neccssaiy for 
zoospore development are here constantly present, the sporangia fail to 
attain generally as large* a size as in agar cultures devoid of free AA'ater; 
their transverse diameter A’arying iisnally from 8 to 23 p (Fig. 17, L-S). 
While many are found in intercalary positions (Fig. 17, L, M), others are 
I)rodnced subterminalJy oii I’elatively slender branches, so that a terminal 
portion of the branch is borne somcAvJiat like a distal appemdage (Fig. 17, 
N, 0, P). Sometimes the distal portion of the supporting branch does not 
become delimited by a se])tiim, and then Avill appear as a diverticulum of a 
terminal sporangium (Fig. 17, Q). In other instances not only the distal 
portion of the supporting branch but also 1 or 2 short lateral secondary 
branches are each cut off hy a septum, and thus likewise come to be borne 
on the subterminal sporauginiii as appendages (Fig. 17, R). Occasionally 
a sporangium is borne laterally on an axial filament (Fig. 17, S), 

In sparingly irrigated material, AAhere the sporangia are not deeply 
submerged and yet are ade(|uate]y bathed in a thin layer of Avator so that 
the positional relationships to Avater and air are nearly everywhere favor¬ 
able lor zoospore (hwelojmient, tlie evacuation tube usuallj" is not extended 
beyond a length of 15 p, and sometimes not beyond a length of 10 p. Hoav- 
CA’^er, where local conditions «ire less faAorablp, it puslies out farther (Fig. 
17, I, t; Q, t), occasionally attaining a length of 100 p (Fig. 17, Q). For 
the most part it A’aries in Avidtli from 2.5 to 5 p. It is rather markedly ex¬ 
panded at the tip (big. 17, <1, r; IT. t) AA'ithont, however, sharing the pro¬ 
nounced apical modification characteristic of the evacuation tube in Piflkinm 
salpwigopliornm. After discharge of the sporangium its empty membrane 
ill some iiistauees Avidcns notic<*ably m*ar the orifice (Fig. 17, S, t). Much 
more often the membrane Ix^comes reflexed at the tip (Fig. 17, II b, t; I-K: 
t; N-R: t), tbough such eversion is absent here and there (Fio* 17 L t- 
M, t; S, t).^ 

The vesicle attached to the frequently reversed rim of the evacnation 
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tube is often, especially in its proximal portion, only faintly discernible. 
In any case the film yields soon after the swarm of active zoospores formed 
within it bejrin their battering, whereas in most congeneric species the 
clearly visible bladder commonly resists the collective impact o? the fully 
fledged swarm for a period of 5 to 8 minutes. Owing in large part to their 
less prolonged impoundage the zoospores of Pythium vcxans are often liber¬ 
ated in lr‘l to 15 minutes after discharge of the sporangium, rather than 
after the more usual period of approximately 20 ininutes. They swim about 
for some time, then come to rest and round up into subsphcrical cysts com¬ 
monly 6.8 to 9 [[ in diameter (Fig. 17. T, a-o). They germinate, as a rule, 
by putting forth a germ tube approximately 1.5 p wide (Pig. 17, U, a-d). 

Besides producing sporangia and zoosjiore^;, tracts of young mycelium 
in slabs excised from maizcmeal or Lima-bean-agar plate cultures conve¬ 
niently give rise, on iri'igatiou, to sexual reproductive apparatus in moder¬ 
ate (piantity; the softened substratum allowing patently normal development 
and still retaining enough firmness to hold all imbedded apparatus securely 
in place for close microscopical examination. As Braun pointed out, pair¬ 
ing of the sex elements takes place at a ver 3 ^ early stage. Indeed, even when 
the young oogonium consists only of a terminal (Pig. 18, A, a) or subter¬ 
minal (Pig. 18, B, a) enlargement no more than 6 or 7 p in width, which by 
itself would not yet be clearly distinguishable from miscellaneous enlarge¬ 
ments of vegetative character, it is often found rather extensively in contact 
with, or extousivel.y enwrapped by a young male complement constituted 
of a swollen hyphal termination (Pig. 18, B, b) or of such a lermination 
together with a similarly swollen lateral branch (Phg. 18, A, b). Fre¬ 
quently the inyc(dial connection between oogonial stalk (Pig. 18, A-I: a) 
and antheridial branch (Pig. 18, A-I: b) is too remote to be traced with 
certainty amid the confusion of ramifying hyphae. AVith about equal fre¬ 
quency, however, a connection between the paired elements is plainly evi¬ 
dent (Pig. 18, J-0). Sometimes the oogonial stalk (Fig. 18, J, a; K, a) 
arises from the same hypha as the antheridial branch (Pig. 18, J, b; K, b); 
sometimes it (Pig. 18, L, a) originates as a secondary ramification from the 
hypha directly bearing the antheridial stalk (Pig. 18, L, b) ; or, again, it 
(Pig. 18, M, a; N, a) provides the very familiar androgynous arrangement 
of jiarts in giving rise at a variable distance from the growing oogonium to 
an antheridial branch (Fig. 18, M, b; X, b) which to reach the place of 
union follows*an arcuate course often considerably rangier (Pig. 18, N, b) 
than the course of the antheridial branch in monoclinous sexual apparatus in 
Pythium deharyanum.. Bemoteness with respect to mycelial connection 
and proximity with respect to position are combined ingeniously in instances 
where an axial hypha gives off, on the same side, 2 branches (Fig. 18, O, a, b) 
of which one (P^ig. 18, O, a) bears plural oogonia (Pig. 18, O, w, x) that are 
supplied with anthcridia borne on ramifications (Fig. 18, 0, y, z) arising 
from the other (Pig. 18, O, b). In units of sexual apparatus developed 
directly in maizcmeal-agar plate cultures prepared with a medium jsofter 
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than tho media commonly employed, the mycelial relationships of the con¬ 
jugating,* parts differ little from the relationships manifest in irrigated 
agar slabs. Where a mycelial connection can be made out, the 2 filamentous 
elements supporting the paired organs here likewise are often contributed 
by the same hypha (Pig. 19, A, a; Fig. 20, A); or the antheridial branch may 
arise from the oogonial stalk (Pig. 19, A, b; K-D; Pig. 20, B, C) ; or secondary 
and possible tertiary branching may be present in one if not in l) 0 th of the 
siipi)orling filamentous elements (Pig. 19. P; Pig. 20, D, E). And, natu¬ 
rally, in soft agar substratum much as in iiTigated agar slabs, numerous 
units of sexual apparatus show' no demonstrable mycelial connection (Pig. 
19, P l;Pig. 20, P, G). 

As in related species the oogonium develops into a subspherical body. 
It is often found attached more or less iiu^sially to the end of a hyphal stalk 
which may be somew hat narrow not only during the (^arlier formative stages 
(Pig. 18, A, a; E, a; H, a; J, a) but also during later stages (Pig. 18, N, a; 
Pig. 19, C, D, P, 11; Pig. 20, D), or, again, may be moderately stout (Pig. 
18, D, a; Pig. 19, B; Pig. 20, A). A more distinctive hyx)hal relationship 
frequently results wdien the oogonium grows out laterally a short though 
somewhat variable distance below" tlie tip of the supporting filament (Pig. 
18, B, a; G, a; P, a; G, a ; 1, a; K, a; U a; M, a), so that a terminarportion 
oL‘ filament, usually about 10 q long but occasionally measuring less than 
5 n (Pig. 18, B, a; P, a; L, a) or more than 25 n (Pig. 18, K, a) in length, 
is borne on tlie young oogonium after the manner of an appendage. (.)w'ing 
to the circumstance that in soft, yielding substratum the lateral growth of 
the oogonium often pushes the distal element out of its earlier alignment into 
a i)osition approximately at a right angle wdth the supporting element, the 
origin ol' the appendage as a termination of the supporting stalk is fre¬ 
quently obscured. When the female organ later comes to be delimited, the 
distal element is commonly cut off by a cross-wall (Fig. 18, O, x; Pig. 19, A, 
a, b; 1). However, wdiere the distal element is very short, it often remains 
as a spur-like diverticulum (Pig. 20, D) continuous w'ith the oogonium; 
this organ thereby btung left in a terminal i)osition with a hyphal attachment 
similar to that of some oogonia having a subspherical shape devoid of 
marked modification (Pig. 20, G). Sometimes an oogonium develops in 
laterally intercalary position some distance from the tip of its supporting 
filament (Pig. 18, 0, av). Frequently too, where the oogonium grows out 
laterally from a base so narrow that the spherical contour does not encroach 
on the sui)porting hypha, it becomes delimited as a sessile structure, or is 
borne terminally on a very short lateral branch (Fig. 19, E, 6; Pig. 20, 
B, C, E, P). 

The oogonia of the fungus thus show not only the several relationships 
to the mycelium that were expressly ascribed by de Bary to the oogonia of 
Pythium vexans, but also the one relationship—attachment to the tip of a 
slender hypha—which Braun set forth as x)revailing in P. compleclem. 
Indeed the latter relationship is not wrholly unrecorded in de Bory’s treat* 
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ment of P. vcxans; for tlioiij^li not mentioned in his descriptive texi, tei*iniual 
attachment would seem to be represented in one of his fijirures (4: Taf. V, 
fig. 4). In my material the supporting hypha has shown no noteworthy 
tendency to widen markedly below the attachment of a terminally borne 
oogonium. Such widening appears to have been considered by Braun a 
feature that dc Bary held characteristic of P. vcxana. Marked hyphal 
widening immediately below the unipolar attachment of an oogonium borne 
mesially in alignment with its supporting filament, was figured by Butler as 
illustrative of the broad insertion of oogonium he deemed especially distinc¬ 
tive of the species. Although de Bary’s words describing the oogonium 
as “theils selbst mit breiter Ansatzstello cingeschaltet in die Continuitiit des 
Schlauches, also, mit andern Worten, intercalar aber einscitig blasig vor- 
gewblbt,’’ unquestionably make reference to broad attachment, the breadth 
here in question relates to the basal dimension of a laterally intercalary 
oogonium, and consequently is to be measured lengthAvise along, not trans¬ 
versely across, the supporting hypha. 

The enwrapmeiit of the young oogonium by the young antheridium. 
which, as has been mentioned, is obsei-vable in irrigated agar preparations 
at a very early stage, is shared in varying measure by the distal portions 
of Ihe hyphae bearing the developing sex organs. Often the antheridial 
branch (Fig. 18, A, b; B, b; E, b; F, b; G, b; L, b) winds half way around 
the oogonial stalk before extending its widened termination along or about 
the young oogonium. In the ease of subterminal, laterally intercalary 
oogonia, the distal prolongation rather than the proximal supporting element 
is often enwrajiped by, or interlocked witli, the antheridial branch (Fig. 
18, C, b; F, b; M, b). Sometimes, again, the antheridial branch passes 
partly around the young oogonium before it engages with the oogonial 
stalk and extends its expanded termination over other regions of the globose 
body (Fig. 18, D, b). The close contact of oogonium and antheridium is 
maintained as both organs continue growing. Wliile the oogonium merely 
rounds out into a more nearly spherical shape as it increases in size, the 
antheridium usually elongates considerably and at the same time often 
ramifies more or less (Fig. 18, C, b; D, b; F, b; G, b; II, b; I, b; K, b; 
L, b; M, b). Eventually wheji the oogonium has attained its full growth, 
and its r<‘adiness for fertilization is ma<le manifest by shrinkage of its lumpy 
contents from tJie enveloping wall (Fig. 18, N; O, w, x), it may be found 
embraced by an antheridium consisting of 2 (Fig. 18, (), w), (Fig. 18, U, 
x), or 4 (Fig. IS, Nj curving finger-like branches measuring individually 5 
to 20 g ill length and 2 to 4 q in width. 

Branching of tlie anthei*idiuni is both less frequent and less elaborate 
in Petri-plate cultures prepared from iiiaizemoal agar somewliat firmer than 
irrigated agar slabs yet not so firm as most gelosc media employed in labora¬ 
tories. Usually in such cultures antheridial branching is represented only 

Somewhat immature unit of sexual apparatus without visilUe mycelial eonnoction between 
.apposed organs. G—I. Mature units of sexual apparatus, each contributed by a pair of 
hyphal elements without evident mycelial cemneetion. 
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in simple dichotomy of the j-psiliforin (Fig. 19, A, a), bilobate (Fig. 19, F), 
and biramous (Fig. 19, G) male orgiins that are observable in moderates 
numbers. Rather commonly the unbraiicbed male cells here are of elongate 
saccate shape, perceptibly widened at the middle (Fig. 19, (\ D, E, H, I; 
Fig. 20, B-F). They mostly vary in length from 15 to 30 jj and in width 
from 5 to 8 |j; their thickness often being substantially less than their width. 
Many are applied their entire length to the oogonium; some of the longer 
ones thus enfolding more than one-third of I he circumference of the globose 
body (Fig. 19, IT, 1; Fig. 20, B). Contrasting with the numerous anthcridia 
that by their longitudinal application from base to apex recall the homolo¬ 
gous organs of my Piffkiuni kclicoides (20,/^p. 412-414) and others which 
because of their application only along their distal half (Fig. 19, 1), F; 
Fig. 20, F) invite comparison rather with the anteriorly applied antheridia 
occasionally to be observed in my P. palingenes (23, p. 491, Fig. 8, C). 
Somewhat as in irrigated preparations, the antheridial branch in softish 
agar cultures is often found wound about the oogonial stalk to the extent, 
as w'as noted earlier (18, p. 444), of a half turn or whole turn (Fig. 19, 
A, a, b; B; C; F; H; Fig. 20, B). Even where such involvement is absent, 
contact of the paired organs or, more especially, contact of their proximal 
parts, is often accompanied by some more haphazard sort of eiigageimmt 
between the supporting hyphal elements (Fig. 19, G, 1; Fig. 20, 1), E, G) ; 

although in other instances no iiiterJocking of the snp])orting hypliae is evi¬ 
dent (Fig. 19, D, E; Fig. 20, A, F). 

In irrigated preparations the extensive enwraiimeut of the oogoninin 
by the aiitheridinm has apparently very little direct effect in modifying 
the outward form of either organ. Nor is conspicuous modiiicntiou of 
shape evident in most units of sexual apparatus ju'oduced in rather soft 
maizemeal agar; tliough here an occasional oogonium may usually be found 
of which the envelope is broadly indented or tlattenod in the region of con¬ 
tact with the antheridinm (Fig. 19, B; Fig. 20, C-), so that it is brought 
snugly against the oospore wall in the region underlying the antiu^ridium 
and usually also in th(' auti])odal region. In Petri-plate cultures prepared 
with maizemeal agar of customary firmness, such flattening of the oogonium 
appears as a virtual!}’ constant character, aiul is eommonly associated with 
malformation of the aiitinuddium often so pronounced that this organ offoi's 
an appearance unknown among congeneric species. The scope ol‘ deformity 
displayed in cultures prepared with hard agar is by no means exaggerated 
in liie assortment of misshapen male cells illustrated in liraun’s drawings 
(8: I'late 5, B-D). While conveniently helpful in ideiitifyiiig the species, 
the bizarre^conformation of such anthcridia would seem perhaps more nearly 
a teratologieal feature than a character pertaining to normal morphology. 
Owing to the very early apposition of the male and female elements the 
antheridium in a somewhat unyielding ambient is necessarily subjected 
throughout the period of its growth to persislcjit pressure arising especially 
from the simultaneous expansion of the nmre massive oogonium; and thus 
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Fio. 20. Mature sexiiul rf])r(Mliictive apparatus of Pyihium vexans dravm with the 
aid of a camera lucida from Petri-plate cultiiTcs prepared from maizemeal agar of ouly 
moderate firmness; x 1000 throughout. A-E. Units of apparatus with obvious myceli^ 
connection between oogonium and antherldiuni; the anth(>ridium in A, of deep yellow 
coloration, being applied distally to the oogonium; the antheridium in being empty 
and colorless and in a deceptivtj manner having its basal attachment spatially near the 
base of the oogonium. P, G. Units of sexual apparatus without evident mycelial epunee- 
tion; the empty antheridium in either unit has its base some little distance from the base 
of the oogonium, but in G a short spur of the supporting branch helps to give somewhat 
the appearance of close monoclinous relationship. 
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is squeezed or constrained to grow into a flattened sliape fitting the flattened 
or indented shape of the oogonium. In expanding jointly against the physi¬ 
cal resistance of the ambient, the general tendency is for the 2 apposed 
organs to assume shapes such that the combined unit of sexual apparatus 
will have a more or less subspherical comiiact form. As might be expected, 
th(‘ proximal portioji oi* the antheridiuni is in many instances less aflPected 
!)>' this tendency than tiie median and distal i)ortions. 

Although the bilobate ypsiliform antheridium figured by de Bary was 
mentioned as illustrating a male cell of iinusiial outward form, it yet pr^)- 
vides the most important clue whereby Braun’s geranium pathogen can be 
rtd'eiTed to Pythium oexam. Among t%* members of the genus wliose 
oogonia and oospores approach at all closely the measurements for diameter 
gi\en by de Bary, 1 have found such bilobate antheridia only in the par¬ 
ticular species here under consideration. Bilobate branching has been noted 
occasionally in P, hclicoides and in P. palingen^s (23, p. 491, Fig. 8, F; 
492) where the elongated antheridium is similarly applied lengthwise in its 
extensive enwrapment of the oogonium; but these 2 species, as also the 
allied P, ocdochUnm Drechsl. (23, ]>. 478-486), have oogonia and oospores 
c'onspicuously larger, not smaller, than those of P. deharyanum and P. 
ulfimiim. Tile antheridium of semicircular profile shown in one of de 
Bary’s figiurs (4: Tal*. Fig. 3j is aptly illustrative of the usual appear¬ 
ance presented by Ihe elongate antheridium of Braun’s fungus whim it is 
applied in an equatorial region of the oogonijiiu with its long axis oriented 
vertically or nearly vertically, that is, in a dir(‘ction ueaj’ly parallel to tin* 
line of vision. The very close aiuln^gynous relationsliij) figured by d<' Bary 
in 2 instances (4: Tal*. V, Fig, 3, lower right; h^ig. 4), wdierein the aii- 
theridium is borne on a very short .stalk arising I'rom the oogonial hypha in 
immediate proximity to the oogonium, has not boeu r(*cogni/.ed with certainty 
in my material. Quite frequently in mature reproductive ax)pfiratus the 
antheridium, because of the position ol' its basal septum, offered much the 
apx>oarance of arising in such close moiioclinous relationship; hut in these 
instances wherever on careful scrutiny tlie hyphal connections conld be 
accurately ascertained the male c(*il was found borne on a separate branch 
(Fig. 19, A, a, b; B; C; F; 11; I; Fig. 20, B E). X(‘ither has an immediate 
androgynous relationslup been revealed unmistakabiy in young sexual 
apparatus (Fig. 18, A-M) where all jjarts are filled with living jmotoxdasm 
and thus are most favorable for observation. Later, when the siix)portiiig 
liyjihae have been evacuated, their thin, highly transparent membranous 
envelopes often become so faintly visible as to tax the capahilith^s of a good 
modern microscope with good illumiiiation. Since, further, the tubular 
membranes near the base of tlic oogonium are often more or less intertwined 
or interlocked, optical difficulties intrude that would seem well beyond the 
cai)acities of the microscopes in use 65 years ago. In fine, regardless of 
^vhether the very close raonoclinoiis relationshij) figured by dc Bary is absent 
in Braun’s fungus, or whether it is perhaps occasionally present there, the 
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very frequent and persuasive simulation of siieh relationship in my cultures 
appears under the circumstances to px’ovide sufScicnt resemblance for iden¬ 
tifying the fungus with P. vexam. 

The passageway through which the anthcridial contents migrate into the 
oogonium is generally even more diflBcult to see than the hyphae supporting 
the sex organs. In iny material it has been most clearly discernible when 
observed in profile view in ripened units of sexual apparatus wherein at 
least locally the oogonial envelope lay in contact with the oospore; the fer¬ 
tilization canal then a})pearing merely as an aperture, 1.5 to 1.9 |j wide, in 
the oogonial envelope (Fig. 21, A, B). At maturity, the oospore, commonly 
12.5 to 16 [I in diameter and somewhat loosely contained in an oogonial 
envelope 16 to 21.5 g in diameler, j*eveals the unitary organization frequent 
among members of the genus; its wall, mostly 1 to 1.5 g thick, surrounding 
a finely granular layer of protoplasm which encloses a single r(»serve globule, 
usually 6 to 9 |j wide, as well as a single globose or slightly flattened refrin- 
gent body ordinarily 2.6 to 4 in diameter (Fig. 19, A. b; B-E; G-I; Fig. 

20, A-G). In maizemeal-agar cultur(?s 110 days old fully 9 out of 30 
oos])ores showed no change with respect to internal structure, though some 
few specimens iioav revealed 2 rcfringeiit bodies. Despite their inert be¬ 
havior in a stale ambient, the oospojvs, wluui transferred to a shallow layer 
of distilled water, germinated readily by production of zoospores. l)e Bary 
r<M‘Ogriized the capacity of newly riptMied oospores to germinate by the pro¬ 
duction of swarmers as a characteristic attribute of Pyihium vexans; and 
in my material likewise no extended resting period has been recpiired for 
such development. Like the zoosporangia of mycelial origin among which 
they developed, oospores taken from maizemeal-agar cultures 40 days old 
produced swarm spores frc^ely. Fairly abundant development of zoospores 
ensued also after irrigating oospores removed when the cultures were 110 
days old, and again when they w^ere 150 days old. 

During the earlier stages of germinative development in an oospore (Fig. 

21, A, C-E) the reserve globule changes from a sj)herical to a somewhat 
irregular shape, while at the same time the refi iJigeiit body undergoes division 
into 4, 5, or 6 bodies api)reciably smaller thaji tludr ])arent. Gradually the 
plui-al refringent bodies become less clearly recognizable, and before long 
are lost to view in their granular matrix. The reserve globule also loses 
some of its distinctness without, however, vanishing from sight. The inner 
layer of the oospore wall, which as a rule equals or slightly exceeds the outer 
layer in thickness, takes on more and more the appearance of the i)rotoplasm 
bordering it, and finally merges indistiiigiiisliably with the granular mass. 
Tlie persistent outer layer then dissolves in a cirenJar area 2.5 to 5 |.i wide, 
peiiuitting the protoplast to protrude against the oogonial envelope (Fig. 
21, F). This envelope likewise giv(»s way, and the protrusion emerges exter¬ 
nally as a germ tube, except that in occasional instances an overlying an- 
theridium interposes an additional membranous barrier (Fig. 21, G). Often 
before it has attained a length of 25 |.i, the germ tube forms a cap of deliis- 
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Fig. 21. Drawn writli tin* aid of a camera lucida; x 1000 throughout. A-Y. Germi¬ 
nation of oospores of I fflhiuYfi troiii inuizcmieal-sigar plate ciilturos »> iiiunths old. 

A. Ooaporo showing modification in internal organization preliminary to germination: 
f'rtilization parage virfibh* in profile vi»*w about 2 p, to left of septum delimiting the 
anthendiura. B. Oospore that germinated without reducing the thickness of its wall; 
a structurally distinct sporangium within the oospore chamber has left its empty envelope 
continuous with the evacuation tube; showing also the fertiUzation passage in profile near 
th« middle of the region covered by the antheridium. C-E. Oospores reve^ng onset 
of germinative dovolopmcnt in irregular outline of reserve globule and in presence of 
several refnngent bodies. P. Oospore whose protoplast has assimilated a ttick 
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eeiice, which yields to permit mifrratioii of the protoplasmic materiaJs (Fip:. 
21, H) into a terminal vesicle where they are fashioned into zoospores. 
Aftci* the zoospores have been liberated the rim of the empty evacuation 
tube is usually Found refiexed (Fig. 21, B, t; I-L: t) much as iji sporangia 
of mycelial origin. TTsually when the evacuation tube is followed backward 
it is found to b(» continuous with the ])ersistcnt outer layer of the oospore 
wall (Fig. 21, 1-K). Now and then, however, it aj)pears to be continuous 
instead with a separate sporangial envelope either nested within the frt'- 
quently somewliat irregular contour of the yellowish residual layer (Fig. 
21, L) or, in the occasional instances where the inner layer has not been 
digested, nested within the undiminished oospore wall (Fig. 21, B). 

A])art from the type of oospore germination wherein the rather broad 
germ hypha functions directly as an evacuation tube*—a type already 
ascribed to Pythium vexans b}' de Bary—germination in my irrigated 
preparations has often taken place by the emission from the individual 
oospoj-e of a somewhat narrower germ hypha that fulfills its function by 
bearing at its tip a sporangium into which the entire protoplasmic contents 
are received (Fig. 21, M, N). This sfiorangium not uncommonly is of citri- 
form sha])e, being often provided at the apex with a shoi*t protuberance or 
beak rather suggestive of the prominent papilla familiar especially in certain 
sj)ecies of Phytophthora, as, for example, P. caciorum (Lebert & Cohn) 
Schroeter, The beak represents an incipient evacuation tube, which fre¬ 
quently, after some slight elongation, yields at the apex to permit the granu¬ 
lar contents to migrate into a terminal vesicle for transformation into zoo- 
si)ores; the rim of the empty tubular membrane becoming reflexed (Fig. 21, 
O, t) ill the manner usual for the species. The length of the sporangiferous 
germ hyj)ha varies usually from 10 to 50 \x (Fig. 21, M-O), yet sometimes it 
exceeds 100 [i. In many instances, however, similar germinative develop¬ 
ment takes place without any germ liypha being extended at all; the spo¬ 
rangium (Fig. 21, P- U) here being formed sessile oji the oogonium in such 
wise that after evacuation its rm*mbrane is found directly eoiitinuous with 
the residual outer layer of the oosj)ore wall nested within the oogonial en¬ 
velope, though its basal septum, which usually is found in approximate 
alignment with the spherical oogonial contour, separates its empty chamber 

layer of llio wall and has pushed a ])rotru.sion through an opening in the outer layer 
against the oogonial onvclopo. (f. Oospore whoso genu tube has broken through the 
oogonial envelope and is pushing against the farther wall of the overlying antheridium. 
H. Granular contents of o(Xs])ore migrating into a vesicle through an evacuation tube con¬ 
spicuously widcjicd in tlie spaci* Ix'tvvoon the oaspore wall and tlu^ oogonial envelope. I-L. 
Tlinpty membranous cnvolo})cs left behind after osca])e of swarm spores brought into being 
following direct conversion of oospore into a zoosporangiiiin. M, Js. Oospores, each of 
which has germinated by producing a sporangium jxt the tip of a germ hypha. O. Oospore 
that produc(id a siiorangium on a germ hypha; the sporangium later becoming evacuated 
in giving rise to zoospores. P-T. Oospores, each of which produced a sporangium sessile 
on the oogonial envelope; the sporangium then becoming evacuated in giving rise to zoo¬ 
spores. U. Gosport’ that gave rise within the empty overlying antheridium to a sporan¬ 
gium w'hich subsequently became evacuated in producing swarm spores. V. Oospore with 
germ hypha appartuitly of vegetative character. W-Y. Zoospores illustrating stages in 
the emergence of a secondary motile swnrmer. Z. JTypha of F. vexans, a, attacked by 
branches of Aphanomyevs cladogamns (spinach strain), b. (t, evacuation tube.) 
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from the equally empty chamber of the oospore. When fully {Jcrown such 
se.ssile sporangia, like those borne on germ hyphae, are often provided indi¬ 
vidually with a distal beak, which, again, usually on meager elongation, 
functions ill conveying the protoplasmic contents into a terminal vesicle, 
and thereafter appears as a short membranous tubulure with reflexed rim 
(Fig. 21, 1*, t; R, t; S, t). Sometimes an empty reflexed evacuation tube 
arising from the distal end of a sporangial envelope measures more than 
20 p in length (Fig. 21, T, t); wherefore it is evident that the apical beak 
may elongate rather considerably before s<‘rving in discharge of the sporan¬ 
gium. On the other hand, the beak occasionally undergoes no elongation 
and takes no part in dehiscence; discharge^ then being effected by means of 
an evacuation tube having a separate origKi (Fig. 21, Q, t). Now and then 
the germ hypha, after having forced its way through the oogonial envelope* 
or grown through the fertilization canal, enters the empty chamber of the* 
antheridium to produce there a terminal sporangium which consequently 
has to thrust its evacuatioji tube ( Fig. 21. l\ 1) through the antheridial mem¬ 
brane to form a vesicle outside. Extension of a germ tube beyond a length 
e)f 50 g or 75 (Fig. 21, V) often bcteikens the beginning of mycelial growth 
and incapacity for immediate development of zoospores. The swarm sport»s 
l)roduccd in the germination of oosjmres agree morphologically vith those* 
produced from sporangia of mycelial origin; and it seems wholly fortuitous 
that protrusion of a papilla by encysted zoospores (Fig. 21, W, X) pn*- 
liminary to emergence of the protoplast (Fig. 21, Y) in the repctitional 
development of a second swimming generation, has so far come under my 
observation only in some irrigated preparations containing sw.arm spore*^ 
that originated exclusively from oospores. 

The frequency of an apiculaie sliape among sporangia produced from 
oospores would seem related to tin ir habitually terminal development eithei* 
on the tip of a germ hypha or directly on the oogonial envelope. Sporangia 
of similar conformation arc found borne terminally also in maizc*mcal-agar 
cultures and irrigated preparations but there invite little attention, being 
often greatly outnumbered by sporangia or conidia of generally subspheri- 
cal shape that occur in intercalary or subtcnniiial positional relationships. 
The apiculatc sporangia of the fungus contribute to the parallelism with 
Pyih'fwm helico'Ulcs and P. pditnpcnfs showm more cspcciallv in its fre¬ 
quently elongated clasping antheridia. 1'his parallelism is sustained further 
iu the tendency of the sexual a])paratus to take on a peculiar deep yellow 
coloration distinguishable frojii tlic yellowish coloration widely prevalent 
among species of Pijilihim, not only by its greater intensity but also by its 
diflPerent disti ibntion. For while in P. rcjcanSy as in nearly all congeneric 
forms, the ordinary yellowish coloration is concentrated mainly in the 
oospore wall, the more unnsnal coloration most often pervades the interior 
of the antheiidium, giving this organ an appearance as if it were filled with 
yellow, translucent, homogeneous or faintly granular material (Fig. 20, A), 
though the presence of a mature oospore of correct internal organization 
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Pig. 22. Antagoiii«tie and parasitic relationships; drawn with the aid of a camera 
Iticida; xlOOO throughout. A. Hypha of Pythium vexanSf a, attacked by ramifications of 
Pythmm acanthicum, b. B. ITypha of Pythium undulatum Petersen sensu Dissmann, a, 
attacked by ramifications from filaments of Plectospira myriandra, b and c. C, D. Hyphae 
of Pythium undulatum Petersen sensu Dissmann, a, attacked by ramificatiotis of Pythium 
oHgandrum, b. E-H. Hyphac of Pythium undulatum Petersen sensu Dissmann, a, at¬ 
tacked by Pythium acanthicum, b. T. ITypha of Pythium undulatum Petersen sensu Biss- 
iiituiH, a, attacked by Pythium periplocum, b. 
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may frive ample proof of effective fertilization. Often the same coloration 
likewise i^ermeatcs thoroughly the space betAveen the oogonial eiivelo])e and 
the oospore. In P. vcxans, as in P, helicoides and P. palingf nes, such colora¬ 
tion, if of moderate intensity, is not usually concomitant with perceptible 
abnormality of structure; yet when widespread degeneration of sexual 
apparatus occurs in these 3 species, it is often accompanied by intense 
coloration. Whatever the nature of the coloration may be, its development 
in P vexaiis, together with resemblances in antheridia and sporangia, sug¬ 
gests that the fungus may perhaps be somewhat more closely related to the 
helicoides series than most of the numerous congeneric forms similarly hav¬ 
ing nonproliferous sporangia and oospores of unitary internal organization 
The species, as was noted, lias been isolated from discolored tomato root¬ 
lets, and thus is knowoi to occur on the same host as the saprolegiiiaceous 
form J have described as PIcetospira myrimidra (15). AYlion it is grown 
in maizemeal-agar plate cultures in opposition to that water mold its advance 
is halted abruptly at the line of etieounler, its individual liyphae (Fig. 16, 

C, a) being made to degenerate internally soon aft(T they lone become 
elaborately invested by short branches extended friuu the main lilaments of 
the opponent luycelium (Fig. 16, C, b). Likewise when it is grown in oppo¬ 
sition to the saproleguiaceous root-rot fungus Aphavomyccs dadogamus, 
wuth which it shares common host relationships through its known oecur- 
reiiee in roots of tomatoes, spinach, and pansies, its mycelial advance is 
abrui)tly halted at the line of encounter, and its hyphae at the foreL-oiit 
(Fig. 21, Z, a) suffer visible degeneration promptly after they have beam 
enwTapp(*d by elaborately ramifying branches fi-om filaments of the watei* 
mold (Fig. 21, Z, b). Growing in the presence of Pyfhium periplocmn tlu' 
species often shows markedly varied behavior in different portions of the 
same Pelri-plat.e culture. In some regioJis many of its hyphae (h'ig. 10, 

D, a) may become extensively if somewhat loosely invested by irregular 
branches arising from the filaments (Fig. 16, D, b) of the spiny form? and 
then suffer invasion by assimilative elements intruded into them. In other 
regions its liyjdiae not onl,\ remain w'holly unharmed but are found bearing 
rather massive appressoria (Fig. 16, E, a; F, a), each of them affixed apically 
to a prriplocnm filament (Fig. 16, E, b; F, b); a short, frequently lobate 
protrusion Avliich extends from tlie tip of the appressorinm into a thick 
deposit of golden yellow’ substance within the filament indicating that inva¬ 
sion w^as stopped by secretion of a defensive barrier. AVlien the species is 
grown in 1 etii-platc cultures in opposition to Pythi'noi (icouthicwii, many of 
its h>i)hae (Fig. 16, G, a; big. 22, A, a) along the zone of encounter become 
enveloped lly intricately ramifying branches of the echinulatc fungus (Pig. 
16, G, b; big. 22, A, b). The injury sustained appears usually not very 
serious, for although some of the invested filaments sufft*]* internal degenera¬ 
tion while others in addition are invaded by assimilative elements, envelop¬ 
ment in immerous iiistanees seems not to result in any abnormal changes. 
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PYTHIUM ANANDRUM 

Since the descriptive account (20, p. 415-420) supplementary to the 
original diagnosis (17, p. 410-411) of Pythium anandrum was written, the 
fungus has been isolated by Hickman (28) from strawberry (Fragaria sp.) 
roots received from Scotland, and, besides, has been made known by Mid¬ 
dleton (34) as occurring in the United States on cucumber fruits, bean 
roots, and spinach roots. In view of the wider host range and more exten¬ 
sive geographical distribution thus disclosed, it is of moment that the main 
diflBculty hitherto experienced in trustworthy identification of the* fungus— 
the difficulty of obtaining the papillate jzoosporangia distinctive of the species 
through irrigation of young mycelium—can be circumvented advantageously, 
if the occasion is not too pressing, by using, instead of young mycelium, the 
parihenospores always abundantly formed in maizeincal-agar cultures. 
Structurally sei)arate zoosporangia of the sort most helpful in making de¬ 
terminations are commonly formed in ample quantity by germinating par- 
thenosporos even though many i)arthenospoj'es dispense with the develop¬ 
ment of such bodies in giving rise to swarmers. The behavior of the fungus 
in tlu* ]ab()]*atory suggests that under natural conditions P. anandrum may 
vci*y probably produce its zoospores in larger measure in the germination 
of its parthenospores than fT-om its sporangia of mycelial origin. 

On transfer to a shallow layer of water, parthenospores of Pythium 
(Niandrum taken from a rnaizemeal-agar plate culture 11 days after planting, 
that is, only a few days after they had achieved the unitary internal organi¬ 
zation of maturity, showed germination in scattered instances. When the 
culturt's were 90 days old, nearly all of the ])arthenosj)ores germinated on 
similar treatment, wilJi few exceptions giving rise to swarm spores. In the 
earliest recognizable stage of germinative development, 2 (Phg. 23, A) to 
4 (Fig. 24, A) refi'ingenl bodies, evidently d(‘rived by division of the single 
refriiigent body present earlier, may be seen in the finely granular parietal 
layer of protoplasm. The reserve globule, which during the resting period 
has an accurately spherical boundary, iioav shows a noticeably irregular con¬ 
tour; and the inner layer of the oospore wall, embracing about two-thirds 
of the thickness of this eiiv(‘lope, reveals closely arranged radial linear mark¬ 
ings (Fig. 23, A). Through further change the inner layer of the wall 
gradually becomes indistinguisliable from the granular layer in contact with 
it (Fig. 23, B), and soon its substance amalgamates with the protoplast, 
which thus becojiies expanded to reach the persistent outer la 3 ^er of the w^all. 
This outer layer dissolves in a round area 2.5 to 8 |j wide, j)ermitting the 
protoplast to protrude against the oogonial envelope. When the oogonial 
envelope likewise gives way locally, the protrusion pushes out as a germ 
h.y}>ha (Fig. 23, C, t; Fig. 24, B, t; 0, t). Germ tubes destined to function 
directly as evacuation tubes grow out, often with abrupt change'^ in direc¬ 
tion, to a length of 10 to 65 |i and at a width varying commonly from 4.5 
to 6.5 |.i (Fig. 23, D-G: t; Fig. 24, D, t; E, t), though here and tliere some 
maA" expand locally to a Avidth of approximately 10 p (Fig. 23, G, t ; Fig. 
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Fig. 23. Germiiijition of partlKaiowiioTes of Tythimn anandrum from maizouieal agar 
cwltiires 3 months old; drawn with the aid of a camera Jiicida; x 1000. A, B. Partheno- 
spores showing onset of germinalive development in assimilation by protoplast of inner 
layer of wall, in irregular outline of reserve globule, and in presence of plural refringent 
bodies. C. Parthenosporc that has reaorbed inner layer of wall and cxtendi*d a germ tube 
through oogonial envelope. B. Parthenospore that has discharged its contents by W'ay 
of a long evacuation tube into a vesicle which has disappeared; the resulting zoospores 
having encysted in place. E-I. Membranous envelopes left behind after escape of tluj 
zoospores formed through conversion of partlienospores directly into sporangia. J. Par-' 
thenospore, a, that has produced n sporangium, b, sessile on the oogonial envelope. K, L. 
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24, E, t). A very small parthenospore measurinjr approximately 12 |j in 
diameter may produce an evacuation tube scarcely 5 kmjr and 3 p wide 
(Fig. 23, H, t; I, t). In the vesicle fr>rmed apieally when the protoplasmic 
contents of so small an oospore flow through the mimite evacuation tube only 
2 zoospores are fashioned. The granular materials from an oospore 27 p in 
diameter (Fig. 23, D) are sufficient for about 12 swarmers. As many as 15 
or 16 zoospores liave been produced in the largest partlienospores, which 
measure 29 p or 30 p in mean diamefei* (Fig. 23, G; Fig. 24, E). Individual¬ 
ization of the motile spores always takes place within a vesicle after the 
manner usual in the genus. If from lack of water tin* vesicle disintegrates 
somewhat prematurely the* developing zoospores often eueyst in irregular 
shapes to form a cluster near the open end of the evacuation tube (Fig. 
23, D). 

The partlienospores of Pylhium amndrum, like the homologous repro¬ 
ductive bodies of P. salphigophovum and P. vexavs, give rise to swarmers 
not only by becoming directly transformed into zoosj)orangia, but also, as 
has been intimated, hy producing sporangia structurally distinct from them¬ 
selves. In instances of the latter tyjie of germinative developmenl the germ 
hypha may attain a length exceeding 200 p before its tij) begins to expand 
in initiating the formation of a terminal apieally i)apillate elongated-ellip¬ 
soidal sporangium which receives all or very nearly all the protoplasmic 
(•ontont of the i)ai*tlionos])ore before it is delimited by a basal septum. 
AVhere the layer oF water is kept shallow, so that deep immer.sion is avoided, 
the si)()rangifer(MTS germ hy]>ha«‘ only occasionally will exceed 100 p in 
length (Fig. 24, F), and most often will measure less than 75 p in this 
<limension (Fig. 24, G). They (Munmonly vary in wifith from 3 to 5.5 p 
(Fig. 23, K, L; Fig. 24, F, G) and thus are appreciably narrower, besides 
being less irregular in eoui-se, than germ bypliae destined to operate as 
evaeuatioii tubes. In meagerly irrigated preparations a special sporangifer- 
ous liypba is freipiently disiumsed with altogether, as the germ tube liere 
often widens immediately after juishing through the oogonial envelope (Fig. 
23, 3, a) and forms a sessile sporangium (Fig. 23, J, b) delimited at the base 
by a se])tum flusli with the partbeuospore membrane. A sporangiferous 
liypba may not be formed even where the germ tube elongates as a stout 
filament for some distanee outside of the oogonial envelope, since the basal 
septum delimiting the sporangium is sometimes laid down as a broad convex 
partition witliin the chamber of tlu* parthenospore (Fig. 24, H). At times 
a germ tube that'olongated externally as a filament only for a few microns 
may nevertheless furnish a rec(»giiizable, if slioi't, supporting stalk (Fig. 

Parthonosporcs, a, of which each produced a sjioraiigium, b, at tlu* cad of a germ liypha; 
tho sporangia later becoming evacuated in giving rise to swarm spores. M~P. Kneysted 
zoospores. Q-S, Kneysted zoospores, showing diflFerent stag(*s in prodi»etion of an evacu¬ 
ation tube for emission of a secondary motile swarmspore. T-Z. Empty cyst envelopes 
left behind after escape of a secimdary motile zoospore from encdi. AA. Membranous 
envelopes evidencing production by encysted zoospore, a, of a minute zoosporangiuni, b, 
at tho tip of a germ tube; the si>orangiiim then having pi’odiicc'd a secondary motile swarm 
spore, (t, evacuation tube.) 
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Fia. 24. Gormination of parthenosporea of Pythium anandrum from maizomeal-agar 
plate cultures 8 months old; drawn with the aid of a camera lucida; x 1000. A. Partheiio- 
spore showing onset of gcrminative development in assimilation by the protoplast of inner 
layer of wall, in irregular outline of reserve glol)ulc, and in presence of plural refringent 
bo^es. B, C. Parthcnosporcs that have rcsorbed an inner layer of wall and extended a 
germ tube through oogonial envelope. D, E. Membranous envelopes left behind after 
escape of zoospores formed through conversion of parthenospores directly into sporangia. 
P, G. Parthenospores, a, each of which has produced a sporangium, b, at the end of a geriA 
hypha; the germ hypha in G emerging from one of the oogonial spines. H. Partheno* 
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24, 1); whereas at other times a germ tube tliat elongated externally as a 
hJament for fully 10 before widening may come to constitute the con¬ 
stricted median portion of a dumbbell-shaped sporangium one of whose ex- 
l)ande<l parts is (let‘ply nested within the eham])er of the parthenosimre (Pig. 
24, J, a), while tlie other occupies a position corresponding to the usual 
position of a stalked sporangium (Fig. 24, J, b). In instances of such 
partly endogenous origin of the germ sporangium, tlie obvious separateness 
of the sporangia! wall from the i>arthenospore membrane suggests that 
where the empty evacuation tube in P. vexans is found continuous with a 
separate membranous enveIoi)e deeply inserted into the chamber of the 
oosj)ore (Fig. 21, B, L), formation of swarm spores came about by develop¬ 
ment of a wholly endogi'nous s})orangium rather than through direct conver¬ 
sion of the oosj)ore into a sporangium. 

Germ si)orangia, when borne terminally on germ hyphae (Pig. 24, F, b; 
G, b) or sessile oji oogonia (Fig. 23, d, b). correspond well in their gen¬ 
erally ellipsoidal and distally papillate shape to the sporangia of mycelial 
origin that were described earlier. AMiile the apical papilla here likewise 
often forms a eaj) of dehiscence tlir(‘ctly, so that the vesicle into Avhich the 
protoplasmic materials migrate is often sessile on the sporangium, numerous 
instauees came to light in which the pa|)illa tdongated materially before 
(lisebargc took j)laee (Fig. 23, J, t; Fig. 24, 0, t). Consequently the empty 
spoL’aiigial envelo])e was often found extended distally into an evacuation 
lube varying mostly from 1 to 10 p in length (Fig. 23. K, t; L, t; Fig. 24, 
T, T; J, t). SoTnelimes, though less frequently than in Pythinm vexans, the 
evacuation tube Avas foniid in a position apart from tin? apical papilla. Pro¬ 
liferous deveJojmient of sporangia, such as takes place rather sparingly 
AvJien young myeelium in agar slabs is irrigated, has never been observed in 
the germination of i)aj*thenosp()res. hack of renewed sporangial growth here 
lias sufiQeieiit explanation in the limited volume of the parthenospore; for 
1 ‘veu Avhen a relatively largo specimen contributes its entire contents, the 
resulting sj)()rangiuni is yet substantially smaller than the average sporan¬ 
gium of mycelial origin. Nor have parthenospores ever been observed giv¬ 
ing rise to plural sporangia on separate germ hyphae. 

It is not evident that the zoospores brought into being through germina¬ 
tion of parthenospores differ from those produced after appropriate irriga¬ 
tion of young my(;eliuni. In a random assortment of encysted individuals 
(Fig. 23, M-P; Pig. 24, K-S) some may usually be found to measure only 
10 [[ in diameter ( Fig. 23, N, P; Fig. 24, K). Smaller size of cysts is some¬ 
times partly attributable to prevalence of repctitional developnumt. Most 
frequently such develo])ment is initiated by tlie ey>t through extension of an 

spore, a, that has produced a sporangium, b, partly ju.sert»*d into the ehaniber of the par- 
thenosporc envelope. I. Parthenospore, a, that has prodneed a sporangium, b, on a very 
short stalk; the sporangiuni later having be<*oiiie evatniated in giving rise to swarm spores. 
J. Parthenospore, a, that produced a s])oraugium, b. with a basal part deepl^Miested within 
tin* parthenospore envelope; the whole siun-angiuin having become evacuated in giving 
rise to zoospores. K~S. Encysted zoospores. T-V. Empty cyst envelopes left behind 
after escape of a motile secomlary zoospore 1*ro!ii e.ach. (t, ovacuatioii lube.'i 
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evacuution tube (Fig:. 23, Q-S) 1.8 to 10 ^ long and 2 to 4 p wide. The 
empty cyst envelope left after the secondary zoospore escapes from the small 
terminal vesicle shows considerable variation with respect to the length, 
width, and shape of the open membranous tube (Fig. 23, T~Z; Fig. 24, 
T-V). Empty membranous envelopes (Fig. 23, AA) were occasionally 
observed that supplied evidence of less direct repetitional development; 
the primary zoospore (Fig. 23, AA, a) in eatdi instance having manifestlv 
given rise on the tip of a germ tube to a small sporangium (Fig. 23, AA, b) 
which then extended an evacuation tube to i)ermit escape of the contents 
into a terminal vesicle for translormation into a secondary swarmer. 

When Pythium anandrum is grown in maizenieal-agar plate cultures in 
opposition to P. oliyandrum^ its mycelial advance is halted at the zone of 
encounter, and along this zone many of its hy})hae become loosely enwrapped 
with hyphae and branches of the more delicate spiny form. Such enwrap- 
inent is usually soon followed by visible degeneration of protoplasmic con¬ 
tents. Some of the invested filaments (Fig. 25, A, a) further undergo 
invasion lengtlnvisc by numerous assimilative elements intruded here and 
there by branches and diverticula arising from olinafulrum filaments (Fig. 
25, A, b-d). AVhen tin* fungtis is grown in opposition to P. acanthiemn 
its mycelium is likewise halted at the zone of encounter; its hyphae at the 
forefront (Fig. 25, B, a; C, a) again becoming abundantly enveloped by 
intricately ramifying branches of the less robust eehinulate species (Pig. 
25, B, b; C, b). Many of the enveloped hyphae rupture near the tip, releas¬ 
ing considerable quantities of protoplasmic material. In any case the 
Jiyphal contents soon take on the somewhat opaque ai)pearance associated 
with degeneration (Pig. 25, B, a). Often, besides, the enveloped hyphae 
are invaded by irregularly ramifying assimilative elements (Fig. 25, C, a; 
D; E) whitdi after appj'opriating the granular materials will frequently 
})ush out through the confining membrane to extend the infection, if possible, 
to neighboring hyphae. Similar injury is sustained by P. anandrum when 
it is grown in opposition to P, jKriplocum, Along the zone of encounter its 
hyphae (Fig. 25, F, a; G, a) are promptly arrested in their gro\vt.h as they 
arc beset by intricate ramifications extended from tlu? pcriplocum filaments. 
The hyphae attacked soon take on a darkish a])pearance; their degenerating 
protoplasm in many instances being appropriated by assimilative branches 
invading them longitudinally (Pig. 25, F, G). When P, anandrum is grown 
in opposition to Plccfospira myriandra, its myc,elial advance, again, is 
abruptly halted at the zone of encounter. Its hyphae (Pig. 25, H, a; I, a) 
at the forefront become enveloped by ramifications put forth from filaments 
of the saprolcgniaceous fungus (Pig. 25, H, b; I, b). Such envelopment 
is regularly followed by internal degeneration, and often also by inva.sion 
with assimilative branches. Under similar conditions the related Aphasia- 
my CCS cladogamus likewise arrests the mycelial advance of P. anandrum at 
the zone of emMUinter; many of the Pyfhium hyphae (Fig. 25, J, a; K, a) 
soon becoming enwrapped by branches extending from Aphanomyccs fila- 



846 


Phytopatholckjy 


[VoL. 36 


ments (Fig. 25, J, b; K, b). The enwrapped portions of liyphae degenerate 
internally, and frequently, moreover, undergo invasion by assimilative 
branches of the saj)rolegniHceous species. 

PYTinr^M rNDTTLATUM PETERSEN SENSl’ DISSMANN 

In the well-known account of Danish fresli-water pliycomycctes published 
hy Petersen in 1909 (37) and again in 1910 (38) this author describes as a 
species under the binomial Pt^fthut^n viiduhifuin a fungus he had found 
Jiving especially on the leaves and petioles oT both the white waterlily, 
Nymphaea (iLha \i., and the European yellow pmdlily, yuphar luteum (L.) 
Sibth. and Smith, though occasionally occurring also on the buds of these 
aquatic phanerogams and on old fruits of iris as well as on branches of 
trees. Its extramatrieal mycelium was set forth as consisting of un- 
brapched, more or less undulating hyphae, often several millimeters long 
and 3 to 6 p wide. To the species were ascribed terminal (rarely lateral) 
ellipsoidal sporangia, about 130 p long and 50 p wide, which sometimes w’ere 
provided with a small apical papilla. The sporangia were stattid to open at 
the apex, sometimes with a papilla; no explanation being given, however, as 
to whether the papilla was always operative in dehiscence when it was pres¬ 
ent, or by what means dehiscence was accomplished when it was abs(*nt. 
Laterally biciliate zoospores similar to tliose of Pytln'um, it was asserted, 
issued forth, im^asuring 15 to 20 p in length ])resiimably while in their 
motile conditio)! rather than after their eiicystmeut. Despite the phrase 
“in vesica ut in Pythio,” the sequence in w’hi<*li the ilescriptive details are 
given leaves uncertainty, as Blackwxdl, AVaterhuuso, and Thompsoji i,7, p. 
1.14) have justly intimated, Avhetlier the zo<»s]H>res are really fashioned within 
a Pythium vesicle, or whether, as soiuetiim's liappcns among species of Phy- 
iophihora, they are surrounded for a very short time in a highly evanescent 
vesicle after being discharged from the si)ora7)irium in a full-fledged state. 
After escape of the zoospores new' sporangia are sometimes formed Avithin 
the old ones, wliile at other times the .supporting hy])ha ])roditces a sporan¬ 
gium after growing lengthwise through tlie empty envelope. The proto¬ 
plasm w^as characterized as refractive, and the inonhranes of the hyphae 
as more or less broAvnish. Of the scA^eral sporangia shoAvn in Petersen’s 4 
relevant drawings. 2 a7*e filled Avith contents and show an apical lu-otuber- 
ance that might represent either a very prominent sessile papilla or a short 
evacuation tube (37: Fig. VIIT, a (right); d); one of these two being borne 
at the tip of a hypha in a grouji Avith 2 empty sporangial envelopes (*37: 
Fig. VIII,'a, top, left) which reveal distally a recognizably narrowed pro¬ 
longation of the membrane as if a short evacuation tube, not a sessile papilla, 
liad been operative in discharge. However, no similar narrowed prolonga¬ 
tion is evident in the illustrations of 2 other sporangial envelopes (37: Fig- 
IX), neither of Avhich assuredly could at any stage have been continuous 
Avith an evacuation tube. From the scale of magnification indicated for 
them the 2 distally unmodified empty envelopes would seem to have dimen- 
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sioiis most extraoniinary for sporaiijria of such ellipsoidal type; the larger 
one appearing to measure about 240 p in length, 70 p in greatest transverse 
diameter, and 28 p in width of apical opening. 

Even if these extraordinary dimensional values are disregarded, so that 
only the measurements given in the diagnosis are left for consideration, the 
large size of the ellipsoidal sporangia appears to bo the most distinctive 
character presented in the original account of Pytlmim undidatum. Despite 
wide variability in size resulting from differences in onvironal conditions, 
ellipsoidal sporangia p long and 50 p wide are not often encountere d 
among species of Pytliium, In most representatives of the genus—certainly 
in most of those commonly found in a terrestrial habitat—the tendency 
toward moderation in volume of the sporangium apjiears fairly pronounced ; 
somewhat extensive sw’ollen branidn’ng s 3 stems in luxuriant irrigated mate¬ 
rial of P. BuUeri, for exainph*, often becoming divided by a dozen cross¬ 
walls to no other end, apparenth’, than to lessen the size of the indiviilual 
reproductive units. J t is true, Apinis (1) ascribed elongated oval sporangia, 
50 to 167 p long and 20 to 50 [i wide, to a submerse fungus that he held refer¬ 
able to Petersen’s species; but lie ira)isfen*ed this species to Pythiomoipha 
presumably because in his material the zoospores were formed directly 
within the sporangia. Matthews (82, )>. 69-'71) somew^hat doubtfully recoi:- 
nized Pythimn unchflafuhi in a fungus isolated from soil in North Carolina 
wdiieh wdien growni on liemp seeds in distilled watei* yu*oduees proliferous 
e.ylindrical sporangia, 25 to 55 p long and 15 to 18 fi wide, that evident!}’ 
discharge their contents into a vesicle for transformation into zoospores. 
Narrowly ovoid proliferous sporangia, likewise functional in asexual repro¬ 
duction tv'pical of Pyfhium. but of even smaller size than those of Matthews 
—their length usually varying from 40 to 45 p, and their width from 12 to 
15 p—were produced by an Uiiuatic fungus that Sparrow (40, }>. 299-800' 
discussed at first hand under the binomial contributed by Petersen. Work¬ 
ing in Denmark a cpiarter of a century after Petersen, Lund (81, p. 48-51) 
applied the biuomiaN Pyfhhmorpha nndidaia and Pythium undulat^nn to 
things he regarded as separate : Apiiiis’ species being r(?cognized in a fungus 
w’hieh he isolated from various natural substrata—^plaiit remains, Sphaynum, 
soil, sand, tw’igs (iiicludiiig Ptcaf twigs), roots of Salix repena L.—and 
wdiieh formed zoosj^ores directly within teniiinal sporangia usually oval in 
shape, 45 to 117 fi long, 85 to 48 p wide, frequently 70 p long and 40 p wide : 
wdiile Petersen’s species was doubtfully recognized once in a sporangium oL‘ 
similar morphology that bore at its jiioutli a vesicle in which zoosr)ores were 
l^dng. Despite the meageriiess of the material that provided Lund’s momen¬ 
tary experience ostensibly wdtb Pyihium niuhilaium, his view that members 
of 2 different genera have come to share the specific epithet undulafum given 
by Petersen seems amply justified. This view’ is reflected in Sparrow ’s 1 41. 
p. 707) recent treatment of Pythlontorpha undulaia as a ])hyeom 3 ’'cete dis¬ 
tinct from Pythium uvdidatum; the widely divergent usage wdth respect to 
the epithet having soinewdiat earlier been review^ed by Blackw’oll, Waterhouse, 
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■pia. 26. Mycelium of Pyfhium Petersen svns-u Bisstniinn as found in a 

2-day-old maizemcal-agar plate culture: plmtomicropraplis; magnification in A about 
X 240. in B about x 120. 
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and Thompson (7) in their elucidation of the evident synonymy of Pythio- 
morpha (including Pythiomorpha nmhdala as understood by Apiiiis and 
Lund) with Phytophihora, 

If ellipsoidal proliferous sporangia approximately of the extraordinary 
dimensions given in the original diagnosis of Pythium undidatum were to 
be found usual and characteristic for some one particular species—prefer¬ 
ably for a species in which undifferentiated protoplasmic contents are deliv¬ 
ered into a vesicle and then are fashioned into motile zoospores—no serious 
misgivings could be entertained with respect to the correct application of 
the binomial. Although the relevant literature does not offer any com- 
l^letely satisfactory metric agreement, a rather likelj' application of the 
binomial is given in Dissmann's (HI) account of 2 Pythium species he iso¬ 
lated from prematurely discolored, yellowing leaves of waterlily {Nymphaea 
Candida Presl.) plants that grew abundantly in an artificial pond near 
Hirschberg in Bohemia; both species, therefore, being similar to Petersen’s 
ill regard to their host relationship and their aquatic habitat. In peptone- 
saccharose solution the fungus Dissmanu identified as Pythium undulaiumi 
produced a mycelium with hyphae iiy) to 0 or 8 p in width; in pea decoction 
its mycelium branclied more irregularly and grew more delicately by extend¬ 
ing liyphae often only 8 to 4 p wide. The sporangia obtained by trans- 
fei*ring mycelium from a liquid culture to water varied greatly in size 
with changes in the concentration of the nutrient solutions employed: a 
solution containing from 0.5 to 1.0 per cent of peptone yielded sporangia 
80 to 40 p long, whereas a 1.0 per cent solution yielded sporangia 40 to 76 p 
in length. Use of a 0.6 per cent haemoglobin solution resulted in production 
of sporangia up to 60 p long, Wiieii the fungus was transferred to unmodi- 
fieil pond water after being grown in pond water containing 5 per cent of 
]nalTi)sc it produced sporangia up to 80 p long. On transfer to unmodified 
p»)nd water, mycelium that was grown in water fortified with water- 

lily-leaf decoction gave rise to very large sporangia, with an occasional indi- 
^'idu^il measuring up to 120 p or 140 p in length—dimensional values close 
to those found in material developed under natural conditions. In a figure 
(18: Fig. 1) showing zoosporangia drawn as they were found occurring 
naturally in a mixture on waterlily leaves, those ascribed to Pythium undu- 
Jafum (18: Fig. 1, a)—all represented by empty envelo])es borne on a single 
ramified trunk—appear from tlu' scale of magnification to range in length 
from 60 to 150 p. None of these einelopes shows any narrow prolongation 
at the open distal end. Their general api)earance suggests that discharge 
must have been accomplished by means of a sessile cap of dehiscence rather 
than by means of an evacuation tube. In the multiple nesting of empty 
sporangia illustrated in the figure some of the inner envelopes terminate so 
far within the outer envelope that formation of a globose vesicle would have 
been obstructed. Among proliferous species of Pythium such obstruction 
does not ordinarily occur, since here as a rule the inner sporangium is 
extended either broadly or by an evacuation tube until its tip is flush with. 
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or protrudes beyond, the inoulb of the older inenibraiious mantle. Instances 
of recessed nestiiiir ai*e, iiowever, not infrequent ainou^ proliferous species 
of Phytophihora, whi^vr no vesiele needs to be formed, and where the full- 
fledj^^ed zoospores released from an inner sporauf^ium are capable of niakinp; 
their way if necessary thronjrh a series of apical openin^^s. The generous 
width of the aj>ical o])enings, which here and there would seem to exceed 
15 p, is likewise especially suggestive of Phylophthora, in which the non- 
papillate sporangia of various proliferous species, as, for example, P, cryp- 
/Of/raPethyb. & Laff. and P. camhironi (Petri) Biiisman, are given to dehis¬ 
cence by a relatively broad distal apertur^^'. In contrast, botli of the cor¬ 
rectly evacuated zoosp(U*angial envelopes (l3: Fig. 8, left; Fig. 9) drawn by 
Dissmann from material derived from the pure culture that he treated as 
Pythium nmlulaf aai show a recognizable evacuation tube at the apex; the 
vdder of the 2 tubes measuring about 9 p in diameter. There is good reason 
to suspect that the strongly proliferous sporangia drawn from waterlily 
material originating iji nature wen* alien to the fungus represented iji) the 
pure cu]turc--lhat they belonged more probably to a species of J*fnp 
iophthora, wdiicli. owing perhaps to the slower mycelial extension usual in 
members of this genus, may ha\e be(ni cojisistently outgrown in isolation 
cultures by the accompanying spe<*ies of Pyihivm and thus kept from b«*iug 
recognized. 

Apart from sporangia, Dissmann’s pure (*ulturc of’ Pylhiwm umiulatum 
readil}^ gave ris(* on various agar substrata to tej*minal or intercalary sub- 
spherical re})rodnetive bodies lie termed chlamydo‘sj>()res; the proto])lasin 
for their growth being obtained through a ])n»gressive evacuation of adjactmt 
portions of hypha entailing dci)Osition of snecessive boundary w^alls. The 
size of the chlamydospon*s was fouml to increase witii the richness of the 
agar medium employed. In inaizemeal-agar cultures i)rej)arcd wdth media 
whose nutrient eouccniration varied in a 1-5-10 ratio, the most frequent 
values for diameter of the g](»bose spores were about 36 p, 59 p, and 69 p. 
respectively; a total range extending from 6p to 92 p being indieated for 
the dimension, Jhitlmr early in llie aevelopinent of the chlamydos])(n-(* its 
wall could be recognized as coin]ioscd of 2 lay(‘rs, and wdth advaneiiig 
maturity tin* two-iay«*rcd constrm-tion Vici'ame more distinctly visible: the 
very thiii outer layer consisted (d the original hyphal envelope, while th<* 
inner layer, ot n.ort‘ variable thickness, represented a special meinbranc 
secreted by the j)roto])last. In dilauiydosjtores older than tliose pres<Mit in 
maizemeal-agar cultures 4 wt*(*lv> after iiiocululioii, the outer layCr was 
stated to persist as flakes or luiiqts externally adnah* to the inner layer. 
With respect 1o the itneriial organization of the chlamydosporc. aging Avas 
found aceomj)anied by eoiis))ieuons a<*eumnlation of fat (Felt); this material 
first appearing in small droplets, aiid later, folloAving union of the small 
droplets, in larger ghdndes. Attempts at germinating the chlamydospor(*s 
were successful only with very young s])eciniens in Avhich no accumulation 
of fat, nor any thickening of tlie wall had yet taken place. In such young 



1946J 


Dreohslkr: Species of Pythium 


. 851 


si)ecimens the thin envelope ruptiireil. or a short evacuation tube was put 
forth; the protoplasmic contents, in either event, beinj? then emptied into 
a ^ esicle for transformation into zoobi>ores. Failure of the older chlamydo- 
spores to "crminaio, it was pointed out, mifrht derive from conditions similar 
to those x»resent in oosi)oros, Avhich likewise constitute a thiek-walled restinjr 
sta^e with abundant accumulation of fat, and which likewise, aj^ain, have 
only rarely and under conditions littlt* iniderstood becm induced to germi- 
jjate. Dissmann reported that his persistent effort to find sex organs of the 
fungus on host tissu(‘ failed, and that no oogonia camt‘ to light iii numerous 
culture media he tried out during nearly 2 years. 

A Pyihivni whose specific identity with the one Dissmann irrcw in pure 
culture as P. undulaium seems beyond (iiiestion, devcloi)cil in 9 among 42 
tubes of maizcmeal agar that were ])lanted late in July, ]936, with separate 
l)ieces of discolored leaf tissue taken at random from watcrlily {Nymphaea 
sp.) plants growing in a drainage ditch in a cranbcriy bog near East 
War(diam, JMassachusetis. After the isolatioji cultures were freed of bac¬ 
teria and other eoiilaminatiiig miemorgauisms the fungus displayed a robust 
m\'(*elial habit r<»caJling such (*oarse <M>ngeucric forms as P. nWmum, P. dr- 
hdrifaiutm, and P. dtiandrum. (ii‘(»\\ing in maizemeal agar its main hyphae 
nftcii attain a width of S \i witliiu 100 [i or 150 p of tlu‘ tip, though if the 
filaments are followe<l backward hardly any further widening is to be noted. 
Its lateral branches, wliich usually develop in moderate ipiantity, are of 
lesser thickness, and show more or less irregular secondary ramification. 
Desjute a certain degree of coarsen»^ss, the vegetative mycelium (Fig. 26, 
A, H) offers the generally flexuou?» apyiearance familiar among species of 
Pyihiiim rather than the stiffly branching aspect common in species of Phy- 
fnphihova, 

in July and August, 1944, occasion was takeu to tjy out the fungus on 
doling iiiibiemished waterlily {Xyaiphani .sp.) leaves supplied from an arti¬ 
ficial pond in Arlington, A"a. Soon after their removal from the pond, the 
loaves were placed in large glass damp-chambers, planted with slabs excised 
fi*om a maizemeal-agar plate culture of the j)hycomycete, and stored at a 
temj)erature of 18*^' C. In 2 or 3 day> the leaf areas under the slabs took 
on a dark brown disiroloration. Thi.s discoloration continued to synead 
st(‘adily, with the result that in 10 days it had conic to extend over irregu¬ 
larly circular ])atches 40 to 60 nmi. in width, though the leaves that had 
not been ]>lanted with the fungus still retained then their fresh green color 
throughout. When ])ieces of discolored tissue near the periphery of the 
brown waterlogged patches were removed to a shallow layer of distilled 
water in a Peli-i dish, and then stm-cd at a temjieratui’e near IS"^ (k, extra- 
matrical hyphae 3 to 7 p wide grew out into the liquid to produce terminally 
a moderate number of jirolate tdlipsoidal sporangia mostly 30 to 90 p long 
and 20 to 40 p wide. These* sporangia on attaining definitive size were often 
t'ound provided with an aiiical pa)»ilhi, which sometimes, after renewal of 
tlie water, would form a vii-tuaDy se.sMle cap of dehiscence. More often. 






rylhxum nmlulalum Petorsen xtnm Busmaim as f.nm.l ii 
a 25-day-old maizemcal agar plate eulture: draw., svith the aid of a camera lucida- y 1 00 
A-r. Snirfl smooth-walled apccmeas G: IT, a. b. Smooth-walled specimens of ..^odi"^ 
a^. I. Portion of hypha beanng a fairly weU-devclopod «mooth-w.Uled resting spo,-o a 
Md a cybndneal resting spore b. .T Smooth-walled resting spore of aberrant ho " gins 
shape. K. Ratlior larjjo Toiigh-walJed resting spore. ^ antrrant ao\n gj.is 
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however, the papilla grew out into a short evacuation tube before the hyaline 
cap was formed; so that after the undifferentiated protoplasmic contents 
had migrated into the inflated vesicle, and had been converted into zoospores, 
the empty sporangial envelope w^as usually found bearing distally a recog¬ 
nizable tubular prolongation much like the similar envelopes drawn by Diss- 
maiiu from material referable to his pure cult art?. That the extramatrical 
Itypliae and the sporangia really ilerh^etl from the material planted on the 
loaves, rather than from some adventitious ])arasite, could hardly be doubted 
in view of their close resemblaneo to tin* extramatrical hyphae and sporangia 
produced in moderate quantity following irrigation of slabs excised from 
young maizemeal-agar plate cultures permeated exclusively with vigorous 
mycelium of the Massachusetts fungus. 

More distinctive than the sporangia formed in irrigated preparations 
are the largo globose reproductive structures or resting spores that first 
become noticeable in maizemeal-agar cultures about 3 or 4 or 5 days after 
inoculation. These structures continue development for about 20 days to 
present eventually a display scarcely less impressive with respect to the 
number of individual units than with respect to their collective bulk. In 
maizemeal agar of moderate nutrient content, such as I have employed, 
they have usually ranged in diameter from 15 to 75 [j. Occasional depar¬ 
tures from their usual subsphcrical shape (Fig. 27. A-G; H, a, b; I, a; 
Fig, 28, A, 15) are recognizable in cylindrical (Pig. 27, I, b) and in trans¬ 
versely (‘onstrieted (Fig. 27, J) speciimms. Their identity with the ehlaniy- 
dospores described by Dissmanu b<*eojnes clearly manifest at maturity, 
when they are found crowded internally witli an abundance of globules 
varying commonly from 4 to 10 {i in diameter. The smaller resting spores 
often ciuitain only 4 or 5 of these globules (Fig. 27, A-D; Fig. 28, A, B), 
but tb(‘ largest specimens (Fig. 27, T, a; K) probably contain more than 200. 
Tlieir size and llieir distribution in a matrix of granular protoplasm provide 
a .striking parallelism with tlie plural reserve globules iound in the oospores 
of Vrfihiuw hrlicoitJcs and its allies. This parallelism gains in snggestive- 
ness from the presence of orbicular bodit*s. mostly 2.5 to 3 wide, that are 
scattered presumably throughout the protoplast, even if, as a rule, they are 
diseernible only in the ni)per aspect of the massive spore. For the most 
part these bodies appear less brilliant than the refriiigeiit bodies present 
singly in oospores of uiiitaj*y organization, and, perhaps, somewhat less bril¬ 
liant even tlian tin* idural refringeiit bodies in oospores of multiplicatc 
organization; tliough tlieir lack of luster could well be attributable to the 
feebler illumination associated with the unusual tbiekness of the spoi’e. 

The inatuiv resting spores of the Massaeliusetts fungus, much like the 
c]daiuydosp(»res desci’ibed by Dissmanu, are surrounded individually by a 
wall composed of 2 layers. ArVliile in some of tlie smallest speeimeus (Fig. 
27, (’) the two layers can be made out only with some difficulty, in specimens 
of moderate sizt» they are readily seen to be distinct from one another. The 
oiit(‘r Ifiyer is colorless and eontinuoiis with the membrane of the parent 
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iPlG. 2fe. Pylhiniu nnilulaltnn Pi'lcrst*}! .st ti..sv Dissmaiin; ilrawn ■\\ illi tlu* aid of a 
camera lucida; x oOO tliroii^rlifmt. A, >J. V'ery simill r(‘stiiig spon s, showiag the iiitevnal 
orgauizatioa of maturity. C)-F. liesliiig spoivs tram a O-moiitli.s-old maizemeal-agar plate 
tuilture. wliicli on being transferred to A\ater germinated by producing zoosporangia on 
germ bypliae: the 2 sporangia, a and i). produced by C are each extending an evacuation 
tube preparatory to discharge*, and the resting spore retains enougli j)roto])lasmic material 
for the development of 1 or 2 additional si>orangiaj 1) also retains much granular material 
lifter producing a large sporangium that has giv<*n rise to zoosportis; E apparently retains 
enough protoplasm for development of 1 or 2 more sporangia, after having produced the 
2 sporangia, a and b, of which the former is rejiresented only by its empty envelope*, while 
the latter supports a vesicle with zoospores about ready to escape; F has contributed all 
its contents in producing 2 sporangia, a and b, of which the former has given rise to zoo¬ 
spores while the- latter is still filled witli granular contents. G. Large* sporangium borne 
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liypha; the ijiiier one, secreted by the massive protoplast, offers noticeable 
contrast in its yellowish coloration. In spores measuring: 30 to 50 |.j in 
diameter (Fig. 27, E; G ; II, a, b ; I, a) the wall commonly appears to have 
a total thickness of about 1.3 |.i; the outer layer usually contributing about 
0.5 n and the inner layer about 0.8 \x to the composite measurement. Many 
of the larger spores, including mainly specimens more than 45 |.j in diameter, 
show a markedly irregular outer contour, and inesent an api>earance as if 
they were covered with an uneven darkish incrustation (Fig. 27, K). In 
coini)arisr>n with smooth-walled resting spores, those with a rough wall look 
more or less misshapen, as their subspherieal form is usually found modified 
perceptibly by a number of broadly curved bulges. As these bulges some¬ 
times occur in regions wliere the external incrnstation is either very thin or 
wholly absent, the impression is gained that in the later staires of spore 
enlargement the outer meinbranous layer yields locally here and there or 
is ruptured outright in several places, j)ermitting the somewhat elastic inner 
layer to ])ush outward in the weakened regions. 

Attempts to germinate newly mature resting spores of the Massachusetts 
fungus have always been wholly unsuccessful. When spores from a 65-day- 
old maizemcal-agar plate culture Avere transferred to a shallow layer of 
Avater in a Petri dish and stored at 18'^ C. a substantial proportion of them— 
most often betAveen 10 and 25 per cent—germinated in the course of 7 days. 
On repeating the trials 100 days after tlu^ plate cultures had been planted, 
fully half of the si»ores germinated Avilhin 2 days. Virtually all spores 
transferred to water from cultures 180 days old germinated Avithin 24 hours, 
and in strongly predominant measure germinated by the development of 
zoos]ioraiigia. When the resting spores eontaiiied in 0.1 to 0.2 cc. of agar 
from a 6-months-old culture were disiributed oA'er the floor of a Petri dish 
and s])ariiigly Avatered, a much livelitu* display of motile zoos])ores often 
resulted than Avas obtained by irrigating ten times as much maizemeal agar 
or Avaterlily-lcaf tissue permeated Avith young mycelium. 

l’rei)aratory to germination the rt^sting spore takers on a somewhat opaque 
appearance as tlie reserve globules lose their clear boundaries, and togethei* 
Avith the refringent bodies become gradually obliterated in tlie augmented 
volume of densely granular protoplasm. The inner layer of the wall dis- 
solvt's aAvay in a circular region, allowing the protoplast to protrude against 
the outer layer. After the outer layer has also given way the protrusion 
emerges to elongate externally as a germ liypha (Fig. 29, A). Apparently 
this germ hypha never functions directly as an eA'aeiiation tube, but like the 
liypha extended from the germinating oospore of Fifihinm osiracodcs (25, 
p. 276-286) commonly forms a terminal sporangium (Fig. 29, B) from 
jirotoplasmic materials made available through increasing vacuolization 

on a germ hyplia and supporting a vesiclo tli:it contains approxiniatoly 45 Z(»ospures near]}- 
ready for escape. H-M. Empty sporangi.al envelopes produced in germination of resting 
spores. N. Empty sporangia! envelope whose supporting liypha, produced in the germina¬ 
tion of a resting spore, shows both uniaxial elongation and subsi)orangial branching. O. 
Development of 2 successive sporangia, a and b, through uniaxial elongation of the sup¬ 
porting hypha, which was produced in the germination of a resting spore. 
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within the parent spore (Fi^. 28, C-E; Fig:. 29, B). Where a siibstantial 
quantity of protoplasm remains, as is usually the case with large resting 
spores, the hypha may continue growtli by putting forth a branch immedi¬ 
ately beloAv (Pig. 28, C, b; Fig. 29. C; E, a) or some little distance beloAV 
(Pig. 29, D, a) the base of the first sporangium; the branch subsequently 
giving rise at its tip to a second sporangium (Fig. 29, D, b; E, b). Of fen 2 
germ hyphae, each bearing a terminal sporangium, may be extended from 
well-sei>arated positions on the resting spore (Fig. 29, P, a, b), or from posi¬ 
tions rather close together (Fig. 28, F, a, b). Prequentl}’, again, 2 sporan¬ 
gium-bearing hyphae may arise through bf^sal branching of a single germ 
tube (Pig. 28, C, E; Fig. 29, 6, a, b; H, a, b). Under environal conditiois 
that favor immediate development of zoosi)ores (Fig. 28, E, b; G) and thus 
permit prompt evacuation of sporangia (Fig. 28. H-M) while germinatimi 
is still proceeding, the supporting filament in many instances elongates 
straightforwardly" (Fig. 28, N) to produce a second sporangium within or 
beyond (Fig. 28, 0, b; Fig. 29, H, e) the empty envelope of the first (Pig. 
28, O, a; Pig. 29, H, a). Since in judiciously watered preparations many of 
the larger resting spores atford uniaxial production of 2 successive spo¬ 
rangia, proliferous development takes place in connection witli germination 
on about the same modest scale as in the asexual reproduction obtained by 
irrigating young mycelium. Obviously* no proliferous development is pos¬ 
sible where relatively" small I’esting spores—specimens less than 30 or 3r) [i 
in diameter—are (‘oneerued, as these usually- give rise onl.v to a single spo¬ 
rangium (Pig. 29, T-Tj) ; the su])por1ing hyi)ha in such instances somelimcs 
measuring less than 50 in length, and occasionally- even Jess than 10 j^i 
(Fig. 29, J). The sporangium-bearing hyidiae extended from the more 
robust spores commonly measure 3 to 8 p in width and 100 to 500 u in length 
(Fig. 28, C~P; Fig, 29, U, H), though a eonsiderable proportion of them may- 
measure 0.5 to 1 mm. in length (Fig. 29, E, F) and some as much as 2.5 
mm. or 3 mm. 

The sporangia resulling from gcj*iuinative development closely reseiiihle 
those of my-celial origin in all j)articu]ars including size, since resting spores 
less than 30 in diameter are ordinarily- too few to contribute any- largt* 
proportion ol. noticeably undersized progeny-. While aAA-aiting conditions 
javorable. for zoospore foimiation they- are nearly* alAvays found provided 
with an apical jiapilla (Fig. 28, F, b; Fig. 29, B; C; 1), a, h; E, a, b; P, a, b; 
G, a, b; H, b; I, J); yet now and tlien (Fig, 29, II, c; K), especially^ in the 
intercalary specimens (Pig. 29, L) to hi- seen occasionally, no distai iliodifi- 
cation is evident. Tlic papilla sometimes is converted directly into a sessile 
cap of dehiscence, so that the empty- sporangial envelope, after evacuation 
of the protoplasmic contents, Avill terminate abruptly" in an aperture com¬ 
monly 8 to 10 M wide (Fig. 28, D), Avithout displaying auy sign of a tubular 
j^rolongation. More often, however, the papilla becomes extended into a 
rather short evacuation tube (Fig. 28, C, a. b; 0, b) which eventually leaves 
its empty membrane superadded to ilie eini)ty sporangial onA^elope (Fig. 
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28, E, a, h; F, a; G~X; O, a; Fig. 29, H, a). Usually the empty tube either 
terminates abruptly with a plain rim (Fig. 28, H, J, L, M; Fig. 29, H, a) 
or is minutely lipped at the orifice (Pig. 28, E, b; G; I; K; 0, a), but in 
scattered examples it is found reflexed (Fig. 28, E, a; P, a; N) in a manner 
reminiscent of Pythium vcxam. The vesicular membrane is always clearly 
visible. On disintegrating it releases commonly from 25 to 50 broadly reni- 
form, laterally biciliate zoospores, which after swimming about for some 
time come to rest and round up into spherical cysts 9.5 to 13.5 in diameter 
(Fig. 29, M, a-z). The cysts occasionally give rise to secondary swarmers 
through repetitional development entailing the production of an evacuation 
tube usually 2 to 10 p long and 2.5 to 4 |lj wide (Fig. 29, N, a-f). More 
often, of course, they germinate vegetatively by putting forth 1 or 2 germ 
liyidiae 2 to 3 g wide (Fig. 29, 0-Z). 

Germination is accompanied by a marked change in the appearance of 
the wall surrounding the resting spore. The inner layer of the wall, which 
ill spores of moderate size seemed earlier to measure about 0.8 p in thickness, 
will usually show a thickness of 2 or 3 p after a substantial portion of the 
]>rotoplasmic contents has been contributed toward the development of germ 
Jiyphae and zoosporangia (Fig. 28, G-E). Later when the spherical cham¬ 
ber of the spore has been completely emptied of granular materials, the 
generally increased thickness of the inner layer is revealed as being varied 
locally by the presence of scattered pits which here and there seem to extend 
clear through to the outer layer. In some preparations the substance of the 
inner layer offers a nearly homogeneous or cartilaginous appearance (Fig. 
28, F) Avliile in otluM’s it exhibits numerous radial striations (Fig. 29, D~II) 
suggestive of tin* sti'iatioiis familiarly ob.served during germination in 
oospores of many congenerie species. Tims the empty tAvo-layered envelope 
shoAvs rather good correspondence Avith the tAvo membranous envelopes, con¬ 
sidered jointly, that ai'i* left from the gei’mination of oospores in allied spe¬ 
cies; the correspondence being perhaps most ohAuous if comparison is made 
Avith such forms as Pythium salpingophonim Avhere usually the oogonial 
membrane and tin* oospore Avail are for the most part intimately fused. 

The similarities shoAvn by its membranous vestments after germination, 
taken together Avith similarities in structure of its protoplast during the long 
period of dormane\', provide persuasive grounds for interpreting the resting 
spore as a parthenosi)orc homologous more particularly aa ith the oospores of 
multi])licate.iiiteriial organization that are found in Pythium hclicoidcs and 
related species. One might be inclined to dismiss the morphological paral¬ 
lelism as being perhaps of fortuitous character if it were not so strongly 
corroborated by the physiological similarity manifest in the prolonged dor¬ 
mancy of the reproductive bodies under discussion; such dormancy being 
familiar among oospores and parthenospores, but Avholly unknoAvn among 
the subspherical conidia and cblamydospores formed by numerous species 
of Pythium, including, for example, P. deharyanum and P. ultimum. Kin¬ 
ship in the hdicoides series would seem indicated further in the germinative 
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Fig. 29. Geninnatioii of resliiiff sporo.s of Pythvam undulatum Petersen ficnsn PisS' 
luanu from a nmizenical agar plate eultnre n niontlis old; drawn with the aid of a eaiiiora 
iiicida; X oOO througliont. A. Small resting si)ore from which a germ hypha is being ex¬ 
tended. B. Bather small resting spore that has produced a small sporangium on a germ 
hypha, and still retains a substantial quantity of i»rotoplasm. C. Bather small resting 
spore that has produced a sporangium at the end of a germ hy])ha; the germ hypha there¬ 
upon branching out below the delimiting septum although containing only a small quantity 
of residual protoplasm. D. Ki'sting spore whose germ hypha, a, has formed a terminal 
sporangium and given off a branch, b, which also supports a sporangium. Resting 

spore whose germ hypha has produced a terminal sporangium, and then put forth distally 
a branch, b, to hear a second sporanginm; from lack of space intercalary portions of 
hypha measuring (>00 p and 675 p in length, respectively, are omitted at places indi< ated. 
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behavior of the fungus; for, as lias been noted, the lestiuL^ spores, much 
like oospores of my P. ostracfnlcs frive rise to zoospores exclusively through 
the i)rocluetion of structurally distinct zoosporangia, never by the more 
dij*(‘ct course of develox)ment \vhereiii the protoplasmic* i-outeuts are con¬ 
veyed to a vesicle by way of an evacuation tul)t* originally extended as a 
g(*rni hypha—a course of development frequent in the unitary oospores of 
P, cuHindrum, The zoosporangia, whether borne on germ hy])bae or on 
my(*elial hyphae, conform satisfactorily in their tyi)ieally terminal position, 
prolate ellipsoidal shape, distal papillate imKlifieation. ami occasionally suc¬ 
cessive uniaxial develoinnent, with tht‘ type of sporangium prevalent in the 
hdicoidcs series; though this type of s])orangium, it must be admitted, is 
ehanu'teristic also of P. anaiidry ni^ and ])esides has beem reiH)giiized for many 
decades as distinctive of P. prolifernm de llary (:h p. 18. 19; 4, |). 558-562), 
a species which from its smooth oogonia and from the unitary internal 
organization ascribed to its mature oosj)ores (3. p. 61. lines 21-25) would 
jiol seem intimately relatc'd either to P. htlieoidis or to P. tntandrum. 

Indeed, the tyjie of s])orangiuin here eoneerued—the occasionally pro- 
liLei-ous, oblicpiely oriented, bursiform sporangium of my Pijthium mar^- 
sipiian (23, p. 492-506) and the very ineagerly ])rolifcrou^. frequently sub- 
1<*rmiual sporangium of /'. s(dpi)uj(q)honim, obvimisly dilfej’ from it in sub¬ 
stantial measure—occurs loo widely even among tern'sirial members of the 
gtuius to provide alone a I’cally trustworthy indication of either the identity 
or the intimate kinship of a si)eeies. The e\tiaor<liiiarily large sporangial 
measurements given hy Petersen, which might be adequate for determining 
the application of his binomial if they w(*re Ibuud usual for some fungus 
|)roi>orly referable to the genus, have assuredly not been found usual in 
the Massaehnsetts waterlily fnngUN, whether it was grown on artificial 
incdia or on its natural substratum, though its sporangia have regularly 
bt*cii of geucrous dimensions. However, iny fungus agrees vrell with the 
one tliat Dissraami isolat^nl and referred to Petersen’s species; the agreement 
being siitisfaetory with respect both to the zoosj>orangia and to the very 
flistinetive resting spores. Dissniann’s report of zoospore formation by 
direct discharge of contents from very young ehlamydospores is not incon- 

F. nesting sj)on* tliat likewise heenun* completely evacuated in giving rise to 2 sporangia, 
wliieli here, however, an* home' on 2 sejiarate germ hyphae, a and h; from lack of space 
portions of hypha measuring OTo |,i and 025 g in length, re»j»eetivi‘lv, are omitted at places 
indicated. 0. Resting s])orc tliat has become evacuated in producing 2 sporangia on 2 
se]»arate germ hyphae, a and b, arising from a .single trunk by basal t»ranching; from lack 
of space, germ hypha a is shown in parts whose proper connection is indicated by broken 
lines. rr. Ijarge resting spore that has become evacuated in producijig 3 sporangia of 
which 2 were formed teriiiiiially on separate germ hyphae, a and b, arising through basal 
branching from a .single tnink, whereas the other was formed terminally on the uniaxial 
pr(»longatioii c, of the genu h.v]»lia a ; from lack of space a and c .are shown in ])Ortions 
whosi* proper continuity is indicated by broken lines. T-K. Small resting s])ores, each of 
which b('came evacnativl in producing a sporangium on a sliort germ hypha. Jj. Small 
resting spore thfit has pul forth a genn hypha with an interealary sporangium. M. En* 
cysted zoospores, a-z, derived through germination of resting s])ores. and showing varia¬ 
tions in size and shape. N. Eni])ty cyst envehipes, a—f, each with an evacuation tube that 
served in the emergence of a secondary motile zoospore. 0--A\ Encysted zoospores, each 
gerniinating with 1 germ tube. AV-Z. Encysted 7 oos])ores. em-h germiiiating with 2 germ 
tubes. 
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sistent with nij’ statement ^erininative behavior in properly after-ripenetl 
resting spores; for. as Dissmanii ]>oiiite(l out, the juvenile reprodnetivt* 
bodies he found H»*tive resembled jrreatly tlie zoosporaiifjia. formed in 'water, 
not having; yet underL’’one, either in their protoplasm or in their envelopes, 
any modification tendiiitr toward the mature condition. Since he makes no 
mention of using; material st veral months old in his germination trials, there 
is good reason to suspect that his failure 'with mature chlamydospores w as 
attributable to inadequate aging. 

Although the soil fungus discussed under Petersen’s binomial by :Mat- 
tliews produced ‘‘thick-walled chlamydospores” which she held similar to 
Dissmann’s, tlicir small size—a range in c^aineter from 14 to 24 p being 
given for them—would seem to make identity with my waterlily parasite 
(juite improbable. Greater likelihood of such identity is offered by the 
aquatic fungus that Sparrow discussed as Pyfhhtm vndulxjlum. since it gave 
rise on maizenieal agar to ^‘dark brown, roiigh-walled chlamydospores” 10 
to 50 p in diameter; though serious misgivings are aroused here b^' the small 
dimensions of the sporangia. The ])ossibility is not to be ignored that 
reproductive bodies fre((ucntly rough-walled like those described by Diss- 
mann may be formed by several members of the g(‘nus, and more particu¬ 
larly, perhaps, by aquatic members intimately akin to the waterlily parasite. 

When the waterlily jiarasite is grown on maizenieal-agar plate cultures 
ill opposition to ria tasitira utyriamlnK jIn myrelial advance is halted along 
the zone of encounter as its individual hy])hae (Fig. 22, B, a) become t*uvel- 
oped by short brauclies extended from filaments of the saprolegniaeeons 
fom (Fig. 22. B, b, c); enveloimumt in all instances being followed by 
darkish degeneration of the pTi»toj)lasin within the Pythium hyphae. Simi¬ 
lar injury is sustained i)y the fungus when it is gro'wn in opposition to 
Pythium oligandrnm. Its hyphae (Fig. 22, (J, a; D, a) on being invested 
with ramifying branches put forth from filaments of the sjnny form (Fig. 
22, C, b; D, b) soon suffer evident degeneration of their protoplasmic con¬ 
tents (Fig. 22, 0, a), and, besides, are often invaded lengthwise by assimila¬ 
tive elements (Fig. 22, D). Likewise wlien the fungus encounters inyeelinm 
of Pythium acaiithwnm its hyphae (Fig. 22, F, a) at the forefront of 
advance are halted and promptly enveloped by irregular ramifications <»f 
the delicate echinulate species (Fig. 22, E, b). Often small divertieulations 
intruded into a newly enveloprd undulatum hyidia (Fig. 22, F, a) from an 
ac,anthicmn braiicli (Fig. 22, F. b) are found surrounded by a rather thick 
deposit of yellow mat<*rial that irives the appearance of having been secreted 
as a barrier against invasion. Although invasion is frequently delayed for 
some time, many undulatum. h^qdiae (Fig. 22, G, a; II) ultimately come to 
be permeated by acanihirum filaments 22, G, b; H). Again, when 

the waterlPy parasite encounters a myrelium of Pyfhium pcriplocum its 
liyphae (Fig. 22. I. a) are ratlnu* extensively though not very elaborately 
enveloped by ramifications from filaments of the echinulate species (Pig. 
22,1, b) ; whereuj)on they soon degenerate internally, and often, in addition, 
are invaded longitudinally by assimilative branches. 
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SUMMARY 

PytJliiim oliyamlrum has been found frf*<juently in damped-ofl’ seedling:s 
as well as in decaying steins and roots of older phanerogamic plants originat¬ 
ing from widely separated localities in the eastern United States. Its usual 
occurrence in association with congeneric species familiar as agents causing 
damping-off and root rot, together with its ready parasitism on these species, 
suggests that it probably operates more commonly as a secondary than as a 
primary invader. On<»e, however, it was found, unaccompanied by any 
other likely pathogen, in a cucumber fruit affected with watery decay in the 
field; and on inoculation by incision was found cai)able of causing decay 
both in nearly full-grown cucumber fruits and in watermelon fruits. Its 
zoosporangia resemble those of P. acanihlcvHt, but appear somewhat more 
often to become relativelj' large in volume, and to include plural globose 
]>arts. The oogonium, typically snbsplierieal and spiny, is usually de¬ 
limited proximally by a massive plug and flistally by a cross-wall; it ofteji 
irududes a cylindrical prolongation at one or at both ends, and occasionally 
may be wholly cylindrical. Partlienogt^netic development is generally very 
common; its frequency' varies between different strains, and, besides, is 
influenced by environmental conditions. Where a male complement of 1 
or 2 antheridia is present, it is usually supplied from a single branch. In 
most instances tlic iiiycelial eoiinectioii between the male and female orgauN 
is too remote to be traced. Wbere sin-h eonneetion can be traced, it often 
lias a total length of 250 to 600 fi. occasionally a length of only 125 p. The 
typo of antheridium consisting of a hyi>hal segment adjacent to the oogonium 
- the type tliat presumably prevails in P. avtoirogm to the exclusion of 
other types—lias not been recognized in an\ material held referable to P. 
oUgandrum. The oospore when mature, shows very distinetive internal 
organization, as it contains usually 4 to 15 refririgent bodies imbedded in 
the granular parietal layer surrounding the single reserve globule. After 
a resting period of 6 iiioutbs it germinates readily on shallow irrigation, 
often giving rise to zoospores by discharging its undifferentiated contents 
<lirectly into a vesicle through an evacuation tube 10 to 50 p long. 

Uo.s])ores of Pythium periplocuw likewise germinate readily in pure 
water after a resting period of 6 montlis. Preliminary to germination, 
iiinch as in P. oligandrum, an inner layer of the oospore wall amounting to 
about two-thirds of tlje tliickiiess of tin* envelope, is assimilated by the pro¬ 
toplast. Tlie germ hypha after attaining a length of 50 to 200 p frequently 
functions aS an evacuation tube in conducting the granular contents into a 
vesicle where they are fashioned into zoospores. 

Pythinm salphigophorinn re((ni)*es a lower temperature for zoospore pro¬ 
duction than most congeneric species. In irrigated i>reparations its globose 
sporangia are more often formed in subterminal than in terminal or inter¬ 
calary positions, and are only in rather small measure given to successive 
development through either uniaxial elongation or snbsporangial branching 
of the supporting hypha. The species is distinguished by pronounced distal 
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'widening; of tbe evacuation tube; the eiiiptj" membrane of this tube becoming 
r*‘flexed at the orifice somewhat in the manner of a trumi)et. The rather 
small, smooth, subspljcrieal oogouia frequently develop parthenogenetically, 
l>iit many are supplied witli 1 or 2 aiitlieridia which may be borne on a short 
branch arising from the oogonial filament in elose proximity to the oogonium, 
or, again, may be sessile either on the oogonial hy])ha or on a neighboring 
liypha. Except in the proximal and distal regions the oogonial envelope is 
usually adnate to the oospore wall, wliich at maturity encloses a protoplast 
n\ unitary organization—a single refriiigeiit hotly being imbedded in the 
granular layer surrounding the single reserve globule. After a resting 
}u‘riod of 8 months the oosf)orc genniiuAes freely in pure water, often 
through the production of swarmers. The ])rotoplast generally assimilates 
a thick inner layer of the oospore wall before putting forth a germ hypha 
tiiat sometimes functions directly as an evacuation tube and at other times 
bears terminally a sjmraiigium similar to spoi*angia of mycelial origin. 

In Pyihium vcxans P. compli cieHa), after discharge of the spo¬ 
rangium, the empty uuuubrane of the evacuation tube is often though not 
always reflexed at the open end. As tlie oogonium and aiitheridiiiiu in tliis 
s]HH*ics are brought together at a very early stage, they necessarily cximinl 
ill intimate contact with one another. AViiere a liard agar culture medium 
off<*rs considerable l•(‘sistancc to their expansion, their outward shapes are 
noticeably modified; the oogonium bceoming flattened fu* broadly indciit(Ml 
in the region of contact, the anthcridium at tlH‘ same time being squeezed 
TO fit snugly until in extreme instances it api)ears as ati irregularly lobt'd 
mass. However, in water or soft agar the snbspherical shape of the 
oogonium undergoes litlle modification, while the anthcridium devidops 
rather often into a ramified body consisting of 2 to 4 elongate digitate or 
more broadly lobate ])arls that clasp the oogonium extensively. The an 
tlieridium is regularly borne terniiiially on a bi*aneh arising either frean a 
neighboring hyiflia or from the oogonial hypha ai some distance from the 
oogonium. Since its base is oft<»ii xny close to the oogonial attachment, it 
iroquently lias much the appearance oL’ lieiug sessile on the oogonial fila¬ 
ment close to the oogonium. Oosjiores of P, vfxavs soon germinate freely 
in pure water, often giving rise* to swarinei-s. The [irotoplast, after assimi¬ 
lating a thickish iniiei’ 1 fiver of the ooNpor** wall, sometimes extends a germ 
liypha that iunctions directly as an evacuation tube, and at other times 
produces a structurally distinct zi»osp(>ranginm which may be sessile on the 
oogonial envelope or may be terminal <ui a germ hypha of variable leiigtli. 

On shallow irrigation, oosjiores of Pythwm anani^rton from cultures 3 
months old geriiiinale readily, usually giving rise to swarm spores. After 
absorbing a thick inner layer of the (»osi)ore wall the jirotoplast often puts 
forth a stout germ hypha that subsequently functions directly as an evacua- 
lixUi tube. Jn other instances a zoos]K»rfmg-iurn stnudurally distinct from 
tin* oosimre is prodiUM'd PTininally on a g<u-m hypha np to 200 p in Imigfh. 
Snell a sporanginiii uia\ also he formed .sessile on the oogonial <*nvpIope, or 
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may even be (leei>Jy inserted into the ehamber of the oospore, liepetitioual 
(h^velopment of zoospores is aeeomplislied in P. anandrnm usually, as in P. 
oligandrum, P. vexaih^. and P. itndnlaiton, bj' direct produetion of an evacua¬ 
tion tube, but also takes place o<*casionally througrh production of a miniature 
sporanj'ium. 

A fungfus isolated I'rojii ^vaterJily leaves in Massachusetts is referred to 
Pyfhium undulatum Petersen .sva.va Dissmaun by reason of its prolate 
ellipsoidal, distally ])ai)i]late sporanjria and its large rough-walled resting 
spores. In their mature condition tin* resting spores show an interna! 
organization similar to that in oospoivs of P. helicoideSy and are surrounded 
individually by a Avail cojisisting of a thin (0.5 p) colorless layer and a 
somcAvhat thicker fO.S p) yelloAvisli iniH‘)‘ layer. Pesting spores from fiul- 
tures 6 months old germinate readily on shalloAv irrigation bv^ producing 
1 to 4 sporangia on germ hyj)liae 10 u to 3 mm. long. After germination 
tlie inner layer of tlie s])ore Avail a])]H‘ars much thicker {2 to 3 p) than 
before. It seems probable that tlie resting spore represents a partlienospori* 
homologous with the oospon* of P. hf'li^^okles. 

When Pgthium salpingophontht, P. rea^ans, P. nndidaliim, and P. anan- 
drvm are grown on an agar substratum in opposition to P. oJigcnidrnm or 
P. periplocum or P. ttcanfhknm, their mycelial advance is halted as their 
hyphac in varying ineasiiro become enveloped by branches extended from 
the filaments of the oj>ponent fnngus; the enveloped hyphae usually soon 
shoAviug degeneration of their (contents, atid often in addition undergoing 
invasion by assimilative f‘h‘mrnts. Similar injury is sustained by them when 
they are grown in oi)position to AphaiumgccH clad^gamiiR or Pleciospira 
mgriandra. P. tu appears occasionally to retaliate upon P. prripIocHiti 
by applying appr(‘sso)’ia t(^ hyphae of the eehiiinlate form. 

Plant IxDrsTnv Statjox. 
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A NEW BACTERIAL LEAF SPOT OF GREENHOUSE- 
GROWN GARDENIAS 

Peter A . Ark a x d J . T . Barr e t t 
(Accepted for pulillrntioii 7, BMO i 

In central California heavy losses are being sustained in some gardenia 
plantings on account of a bacterial leaf-spot disease which is similar in 
symptoms to that described b 3 ^ Burkholder and Piroiie.^ However, careful 
study of the causal organism of the California <lisease proved it to be dif¬ 
ferent from that described in the eastern Ignited States. 

The disease starts on tender leaves as minute dots which gradually en¬ 
large, showing at first a pale ^-ellow ctniter, which later becomes reddish- 
brown, surrounded by a 3 "elloAvish halo. The margins of the lesion are some¬ 
what thickened ami have a greasy’ appearance. Se\'eral spots may coalesce 
1o form a larger one. Infections when ver\' abundant (Fig. 1, A and B) 
]nay cause premature abscission, an unfavorable condition from the pro¬ 
duction standpoint. Flower buds and sepals ai*e sometimes affected (Fig. 
], C and D), but this is relativei.y uncommon. 

The disease may be spread bv cuttings taken from injected i)lants, and 
especially by syringing plants to reduce the red spider mite population. 
When gardenias are forced for flower production, the high humidity and 
air temperature usually maintained j>rovide exeellent conditions for the 
spread of the organism and subsequent development of epidemics. 

^Microscopic examination of small pieces of diseased leaf tissues reveals 
an abundumu* of bacteria oozing from the cut edges. If the bacteria diffuse 
into sterilized water and subsecpiently dilution plates are made, the organ¬ 
ism can easil.v be isolated in pure culture. 

The pathogtmicity of tin* bacterium (six is<)]atcs re])resenting six dif¬ 
ferent t(Nsts) isolated from the gardenia leaf si>ots avhs tested by suspending 
the isolated bacteria in sterih* distilled water and atomizing it on small 
l>otted gardenia plants. Infection occurred and the bacterium isolated 
from the artifieiallj’^ produced lesions was identical with the one used for the 
inoculations. Prior to iiuanilations the plants Avere held in a large moist 
t'hamber for 24 hours and wei*e kept there for the duration of the test to 
(M)nform to commercial conditions of growing this crop as close as possible. 
First symptoms of the disease, in a form of very small pale yelloAV spots, 
appeared from 7 to 9 daA’^s after the spraAung, the temperature of the green¬ 
house varying from 80° to 90° F. <luring the day. Avith night temperature 
about 65° F. J n two weeks the spots dcA^elopeil to the size of 1 mm. Keep- 
ing the atmosphere and the foilage dr}' checks the disease promptly and 
new leaves are free of the disease. Resumption of sa ringing coupled Mutli 
high temperature is soojj folloAved bv infection oji ncAV foliage. 

1 Burkholder, W. H., and P. P. I’iruiio. Bacterial leaf of jrardenia. Pln'toxiafli. 
31: 192-194. 1941. 
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Flo. 1. llfiftterial leaf spot of gardenia eaused by Phytomonas 

dentac. A and 1’. .Nafnral infecti.in on the leaves; 0. Petal infection; D. Sepal inf. 

tion. ■ * 
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The bacterium causing this disease is a short rod measuring 1.6-2 ^ x 
0.3-0.5 |j, motile by means of one or two Hagellae attached to one pole. It 
is stained by most of the aniJiii dyes and is Gram-negative. In some prej)- 
arations, the cai^sule can be demonstrated by the India ink method. 

Ju beef-extract-peptone brotli tlie turbidity is prompt in 24 hours, becom¬ 
ing dense in time with a narrow yellow ring at th(‘, top and a viscous yelhnv 
sediment at the bottom. On be<jf-extrai*t-]>eptone agar, the growtli is rapid, 
slightly raised, yellow (Pyrite y(dlow according to liidgway standards), 
biityrons in young cultures and dilhcult to pick up in older tubes. On 
potato-dextrose-peptone agar slants the growth is fa^t, yedlow (sulphirie 
yellow), smooth, and falls to the bottom of the tube in time. Growth is 
good in 48 hours in (!ohn^s synthetic imMlium, in IJschinsky s medium, and 
ill the synthetic earbohydrate medium of the Society of American Bac¬ 
teriologists;- but growth is scanty in Fermi’s solution. Starch plate is well 
dig«‘sted after 48 houi*s and completely digested after 6 day.s. Indol and 
hydrogini sulphide are not produced. Ammonia is formed in peptoiie-glu- 
<*ose-diy)otassiinii phosphat(‘ media devised b}" Hausen'^ and demonstrated by 
his melliod: nitrat(‘s are not rediieed. The skimmed milk becomes trans¬ 
lucent with a white [>reei[)itate at the bottom and a large yellow ring at the 
to]>. fn litmus milk, a white curd is formed at the bottom and the super¬ 
natant liijuid is a flirty wiin* eolor. Gelatin is li(|nefted slowly. 

firowtli in synthetic media containing the I'ollouing carbohydrates pro¬ 
duced ai'id and no gas: arabinoNC, dextrose, fructose, galactose, lactose, 
uialtOM*, mannit(‘, raftinoso, sucrose, and xylose. An inverted Dunham's 
lernientatioii tul>e was added to each tnlx' to demonstrate presence or 
alistMice of gas. (JIyc(‘rine was not utilized by the organism. 

d'ht* organism grew from 10^ to 27^ Xo growth of the organism was 
Mhs»‘i'V(‘d even fiftin- dO days at the t<*mp«n*atnres from J " to C. At 10"'" 0. 
the growth was slow. The optimum temperature for growth lies between 
22 G. 'rix* thermal di*ath yioint isoO^ G. 

Since no known yellow pathogens havi' similar characters, the organ¬ 
ism is deeiiii*d to be new to science and the name Phytomonas maculifolium- 
gardeniae n. sp. is proyioseil. It differs luarUedly from Ph, yardeniae 
which ])roduccs white colonies becoming dirty in appcaratice Avith dark- 
brown discoloration of the medium. 

To (‘ontrol tlic disease* numerous cxpe‘rim(*nts were undertaken. Spray¬ 
ing with sfamianl Bordeaux niixtnre* gave no eontrol. Various <piaternary 
ammonia comi)ounds were ineffective, llowewer. an aepieous copper sul¬ 
phate* solution, I to 2000, with the aelditiou of a si)reader (0.1 per cent 
Triton B-1956 plithalic glye‘(*ryl alkyd resin), redmeel the number of lesions. 
1’his spray should be applied at frevpieiit intervals to prevent any build¬ 
up of the disease oti old leaves. Syi’ingiiig of the plants for the control of 

- Society e>f Ame^rierjn Rncte'riologists, of me*th«Mls for pun* cnltiirc stinly of 

t'octciin. P". 14, Leallft. 12. Preparation of media. 9th ed. 1944. 

MTansen, P. A. The* defeetion e»f nmmonia preMlortieui hv l>aotcri:i iu agar slants. 
Jour. Bact. 19: 228-229. 1980. 
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red spiders deftuitely aggravates the disease. Therefore attempts shuidd 
be made to control red spiders hy other means. Lately, the use of Azofiime- 
70 (technical grade of azobeiizeiie) as a fumigant for red spiders mhs found 
successful by some gardenia growers and resulted in a considerable reduc¬ 
tion of the disease. 


si:mm.\ry 

1. Leaf spot on gardenia in Califoi*nia i.s caused by a yellow baeteriiini, 
for which the name Fhytomonas macHlifoVnnn-gardcnine is proposed. 

2. The disease increases to serimis propc^-tions under conditions of high 
humidity and high air temperatures. 

3. In controlling the disease it is imimrtant to avoid syringing the i)lants 
with water. They should be sprayed at frecpient intervals with iupieous 
copper sulphate .solution, 1 to 2000. i)lus a spn^ader. 

Drvifeiox OF Pi.ANT Patiiology, 

Univkrsity of Caijfornia, 

llrHKFI.EY, CaLIFORXIA. 



THE SOIL ROT OF SWEET POTATOES AND ITS 
CONTROL WITH SULPHUR 


L . Tl. J* K ij sox’ 

(Aecc^ptcd for piit>lk*utioii June 10, 1946; 

Tile soil rot of sweet jiotatoes eaiised by Actinomyces ipomoea Person 
aiul Martin is at present widespread in Louisiana as well as in other parts 
of the United States. In Louisiana, it was first observed in a serious form 
in 1934 in small, isolaterl areas near Sunset in St. Landry Parish, the center 
of tiie sweet-])Otato-growin<i^ area. In later years, the areas gradually en¬ 
larged and the disease also appeared in other parts of the State. 

When weather conditions are favorable and the disease is severe, it causes 
almost a total loss. Many roots are destroyed and the young jilants either 
die or their growth is so checked that vines are not produced. When con¬ 
ditions ;n*e less favorable for the disease, a satisfactory yield may be ob¬ 
tained, hut the quality is poor because many potatoes are misshapen or 
covered witli unsightly lesions. 

A very severe outbreak in 1937 was largely res])onsible for the investi¬ 
gations here rejiorted. Studies between 1934 and 1937 had indicated that 
the disease was not siu'ious in a soil with the pH below 5.2. Preliminary 
exiHM-imeiits also had i»idieated that it was possible to lower the pH of the 
soil to 5.0 by adding sulphur, but it was not known how much sulphur would 
bt‘ required, or how long the low pH would be maintained in the soil after 
the suljdiur was api)lied, or whether a pH this low would injure sweet pota- 
to(‘s or other cro])s that might be growui. Sulphur tests have been made 
for eight years, in seasons both favorable and unfavorable to the soil rot. 
and the resiults obtaim'd have jirtjvided definite answers to those questions. 

MATF-KIAns AM) MKTIIODS 

Plots Avere sulphured on 20 farms in three areas in St. Landry Parish. 
Witli the exception of one farm, the soils Avere Lintonia silt loam, the typical 
first terrace soils of that area. The soil of one farm aa’bs a Miller silt loam, 
a reddish soil similar to the alluAual soils of the Red River. The terrace 
soils are found on the greater portion of the farms in the SAveet-potato area 
ill Si. Landry Parish. The area with the Miller silt loam is very small. The 
pH (d' the terraee soils is oi’dinarily about 5.7, and of the Miller soil about 6.1. 

The general procedure for ajiidyiug suljihur was the same in all tests. 
After the field Avas lev(4i‘d by ploAA’iiig or discing, sulphur Avas applied Avith 
a seed drill and disced in as soon as possible. The soil was then throAvn 
tip into the 4J-foot, ridged roAA’s, the system ordinarily used in that area. 
The sulphured plots were usually 7 to .10 roAvs Avide, although in one or two 
tests they were only 5 roAVs AAude. The uousulphured check plots Avere 5 or 

’ The author Avislics to acknowledge the assistance of the Freeport Sulphur Co. for 
<it»MatninN of sulphur and for a. grant to help finance the field work; and the Southern 
Acid and Sulphur Co. for donations of sulphur. 
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more rows wide. All plots were 200 feet, or inorci, loiiy:. Five types of 
sulphur were used: 

1. Commercial flour; a .siilidmr of ^^'hiell 90 per c(‘iit passes through an 
80-inesh screen. 

2. Stauffer granular; a sulphur whii'Ji passes through a 16-mesh screen. 

3. Toro; a conditioned sulphui* containing 14 per cent filler, 93 ]>er cent 
of which passes through a 325-me.sh screen. 

4. Soil sulphur; a ground crude sulphui* of 99.5 per cent purity. 

5. Inoculated sul]>hur: a sfdplinr to wld^li sulphur bacteria had been 
added. 

Soil samples were cnilected jieriodicallj’ from each plot and pH readings 
were made. After a plot was sulphured, samjAcs wej*e collected several times 
in the first six months to determine the time necessary for the jtll t<> di*o]) 
to 5.0 or below. After tliat, soil samples were taken oiu* oi* more tinn^s a year 
until 1945, or until the plots were ont of cultivation. From 1938 through 
part of 1941, the llelligc (*oloriinetric method was nseil in making tlie pH 
tests. After that, a Beckman potentiomi*tcr was used. Slightly lowei* read¬ 
ings were obtained witli the potentiometer. 

When tlie sweet potatoes'were harvested, the three center rows in each 
plot wore dng and the potatoes graded and weighed. The yields per acre 
were then ealeulated in oO-lb. crates of No. I and Xo. 2 sweet potatoes. 

EFFECT or ST’LPIIl i; A.NT> ACIDS OX PH OF SOIL 

To determine the amount of snliihni necessary to bring the pll of the 
soil to 5.0 and to maintain it at that jow level, four rates of ai)j)li(!at ion yiei* 
acre were used: 500 lb.. 600 ll>., 700 lb., and 800 lb. The effect of tbc*se 
amounts on the pH of tJjc terrace soils for 7 years is given in table 1. As 
similar results W(Te (»btanied with ad types of suljdiur, the results are 
grouped in the table. I'he soil sulphni* was slightly slowcu* in action, taking 
about a month longer tn bring the ]»H d<r,vn to the level prodncc»d by the 
others; but after that tin* n*siilts with all were similar. Tlie data in the 
table represent averages. The 500-lb. apidication was sufficient to ]o>ver 
the pH to a satisfactory levcO but did not maintain it. As the pH in the 
pl()ts with the 500-lb. apiilications tended to risc^ after the first year, the 
applications in lat«*i- Vt-ars were iiioslly 600 lb. or more. Tlu^ 600-, 700-, and 
800-ib. applications all held the pH to 5.0 or below’ for about four yc-ars, 
after which it tended to rise to 5.2 to 5.4. Usually it took from two to foui* 
months after the sulphur w’as applied for the pH to drop to 5.0. 

Results obtained on the ^Miller silt loam were quite different from those 
on the terrace soils. Applications of sulphur, even up to 800 lb. per acre, 
barely lowered the pH to 5.0 within tlie 6j*st six months. This low level, how¬ 
ever, was not maintained. The ])H began to rise gradually and within a 
year was 5.4 or above, and it continued tx> rise in later years. The lowering 
of the pH to 5.0 by the application of .sulphur did not seem practical on 
this soil and further applications were not made. 
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C()iK*entrated sulplniric aeid and ])]ir)spliorie acdd were also applied to 
tJn^ terrace soils at rates of 400 to 700 lb. per acre. These Juid very little 
effect on the pH of the soil in the months that followed. 

TAT*LE 1.— Effect of sulphur on soil pU on If) farms in Sf. Lcuuhp Parish, Louisiana 


Sulphur 

npplied 

1-2 

3-4 

5-6 

per acre 

nios. 

TUOS. 

inos. 

So sul)aiur 

5.7 

5.S 

5.1 

500 J!., 

.5.2 

4.9 

4.! 

No. of plots 

12 

14 

20 

600 lb. 

5.1 

4.9 

4.‘ 

Xo. of plots 

HO 

93 

95 

700 lb. 

5.1 

4.9 

4. 

Xo. of plots 

16 

IS 

24 

800 1!., 

5.1 

4.9 

4.( 

Xo. of jflots 

102 

101 

lOH 


Period after suljilinrififf 


1 yr. 

2 yr. 

3 yr. 

4 yr. 

5 yr. 

6 yr. 

7yr. 

5.9 

5.7 

5.6 

5.7 

5.7 

5.7 

5.7 

5.0 

5.2 

5..3 

5.1 

5.1 

5.1 

5.2 

20 

11 

5 

.5 

5 

5 

4 

4.9 

4.9 

4.9 

5.0 

5.2 

5.4 

5.4 

9H 

9H 

S7 

83 

45 

6 

3 

4.8 

4.8 

5.1 

5.0 

5.0 

4.8 

5.2 

24 

24 

15 

a 

3 

3 

o 

4.H 

4.S 

4.S 

4.9 

5.2 

5.2 

5.3 

ms 

los 

KM 

94 

61 

14 

10 


RELATION OF RAINFALL TO SOTI. ROT 

(th.servations in Jiouisiana as well as elsewhere have indicated that there 
is a d(»finite relation between rainfall and the severity of soil rot. The 
disease may be severe in seasons with periods of droiiLiht. especially if these 
occur within a month after planting:*, w hich is the tim<* the i*oots arc develop- 
iiJL! nn tin* youni^ plants. The disease may be entirt‘]y nnnoticeable in years 
with sufficient rainfall well distributed throii^lH»iit the orow'injr season. 
Tn tlie sulphur tests lien* reported, the amount and the distribution of the 
rains were very important in evaluatinii* the t'<*sults (»btained. 

Tn I^ouisiana. sw'eet potatoes are planted at any time durin^^ the spriiijr 
and early summer, but in re(*ent years, in ord<T t<» imn-ease yields and also 
to have marketabh* potatoes during the early fall months, theri* has been a 
1t*n«lency to plant as early in the sprini»- as possible. Be(*ause of this, most 
of the ero]> is jilanled in May or early June. The actual date of planting:, 
howevt*!*. depends to a j^reat (‘xtent on the condition of the soil, as sufficient 
moisture must be prestnit to enable the ])lants to establi.'^h their root systems. 

Weather conditions in the spring in Louisiana vai*y considerably from 
year t4» > ear. On the average, there is less rain in 'May ajid early June than 
in later tuonths, and often there are periods of two to three weeks or more 
without sufficient rainfall to meet the re(|uiremenTs of the yoiini:’ sweet- 
potato ]Jau1s. When such conditions occur, liie roots become so severely 
injured by soil rot that they do not recover satisfactorily, even though the 
rain later is ample. For planting in May, the critical rainfall period seems 
to be the last half of A])ril, all of May, and the tir>t half of June, 

JJesults obtained in the sulphur tests can be evaluated better if they are 
(‘ousidered wutli the rainfall data. As reported by the U. S. Weather Bureau, 
the rainfall at (Iraud Coteau, a station dose to S>unset, dui’ing the critical 
spring period for the years btdween ami TOJo is ])reM*nted in talde 2, 

The t'lassification, as to w’ot, dry, (»r normal, is baM‘il on the opinions of fudd 
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workers. The sulphur tests were made between 1937 and 1945, but the 
earlier years are included in order to explain the earlier occurrences of 
soil rot. 

TAJiJ.E 2.—liainfan at Grand Cninm, Louisiana, for spring planiuuj ntason.s, 


Year 

A])r. 16-30 May ]-1 

> INFay 16-31 

.lunc 1-15 

How elassifi<*tl 


.».38 

1.72 

3.90 

2.54 

Nonii.al 

1934 

2J2 

1.02 

2.19 

1.49 

Dry 

1935 

I 37 

11.70 

1.52# 

2.99 

Wot 

1936 

1.37 

0.61 

6.97' 

0.06 

Xuriual 

1937 

0.20 

2.9S 

0.94 

2.71 

Dry 

1938 

2.66 

0.84 

2.31 

1.29 

1 )r V 

1939 

0.71 

0.9.3 

4.06 

3.88 

Xoriiial 

1940 

8.16 

0.42 

0.65 

5.69 

W»*t 

1941 

6.11 

4.70 

4.4.5 

15.89 

Wet 

1942 

0.00 

0.88 

1.77 

6.81 

Wet 

1943 

1.43 

1.63 

2.33 

0.00 

Drv 

1944 

2.14 

2.00 

3.84 

0.96 

Dry 

1945 

1.49 

0.33 

4.27 

4.22 

Nnriiial 

50-yr. 






average 

2.18 

2.75 

2.75 

2..5.3 


BetAveen 

193;.} and 1945, 

.there 

Avere several 

years tliat 

Avere abnonnall, 


dry or yeai’s in which, at some turn* during the s})rin»r, there were loinj 
periods with but little rain. Tliese would include 1934. 1936, 1937, ]93S. 
1943, and 1944. Of the others, 1935, 1940. 1941. and 1942 were definil» ly 
wet in the periods followinj^ plantin***. As i*aiiis are often local, weather 
reports do not always give the actual condition in a ])articnlar field. Out¬ 
breaks of soil rot that have occurred in the State and have caused miu-crn 
to the growers have been in the years listed as dry years. The outbi’eaks 
wdiich occurred in 1936 and 19.'17 wer'* definitely res]>onsible for the p]‘(»sent 
inve.stigatioii. 

EFFECT OF Sl LPUra OX VIET.DS 

During the eight years, yields were obtained from as many of the ^nl- 
phured plots as was pos.sibie. In the Sunset area, a eroj) rotation is followed 
and so, in most cases, sweet potatoes were grown on the sulphured ])lots 
only once in every two or thrt‘e years. In the eight years, yield data were 
obtained from 60 te.sts. These te.sts were not. entirely eom])arable, bring 
made in different years under various weather eonditions aud in fields in 
which sulphur had been applied in a A^arying number of year.s preceding 
the tests! Also, in some tests, it Avas ind possible to set out all tin* ])lants 
at the same time. IIowcA^er, it is felt that, AA’itli tln^ exeeption of those 
obtained in 1940, the results pre.sented are reasonably represenfativt* and 
show fairly accurately what may be ex])ected from apjilyiug sulphur on 
fields infested Avith the soil-rot oi*gaiiism. In 1940, after a flood in August, 
many of the fields were under Avater and the plants in both snlplnired and 
nonsulphiired plots Avere badly injured. 

The results obtained during tlie eight years arc in table 3. Tliese irndude 
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all tests, those made the first year alter applying the sulphur as well as 
those made from two to eight years after applying the sulphur. 


TATiLE 3.— Avf'rage yields per acre, in oO-lh. crates, on sulphured and nonsalphurcd plots 


\ri\V 

No. of 
tests 

No 

siilpK'iir 

Rule of 

500 lb. 

sulpliiir a]>]>liod per acre 

600 lb. 700 lb. 

800 lb. 

Moisture 

condition 

nrrs 

H 

8.0 

77.4 

99.1 

66.9 

83.3 

llry 

1939 

9 

112.8 

138.5 

133.2 

124.7 

111.7 

Normal 

1940 

10 

57.9 


74.7 

69.4 

<;3.r> 


1941 

12 

123.0 

116.9 

115.2 

186.5 

113.1 

Wet 

1942 

r» 

15G.3 

139.0 

166.0 

137.1 

1.56.<» 

Wet 

1943 

5 

56.8 

94.1 

114.5 

123.6 

125.2 

Drv 

lt»44 

0 

35.4 


156.7 


177.!‘ 

Dry 

1943 

r> 

81.1 

102.6 

127.4 

111.6 

J49.3 

Normal 


III evaluating tli(‘ results, it sliould be reeognized that they are not 
strictly eoinj)iirable, and oji tliis account variations with the different rates 
of aj)]dieatiou should not bo considered significant. The tests were in dif- 
JVrent \ ears. some wet and some dry; often it was not possible to plant all 
plots in a sijigle test at tlio same time; in some instances, soil moisture was 
t'avorabh*. at idantijcj lime and in others it was not; often the infestation with 
tJie Actin()my(‘Pt<^ was not equally distributed in the field and, on this 
ih'count, file j)lants in some plots were more severely injured by the pathogen 
than tlioso in others. The tests, however, wore on a large scale and the 
lesults are reliable. ]t is beli(*ved that they give a fairly accurate idea of 
wliat was obtaijied and wliat may be ex]>ected in the future with the sulphur 
treatment. 

It was recognized in tJie early years of tJie investigation that the increases 
in yield from the bOd-lb. a])])lications of sulphur were not so great as those 
with the aj>i)Iications of 600 to 800 11)., and in tlie later years the higher 
applications wore used almost exclusively. However, significant increases 
were obtained witli all of Die applications. In dry years these increases 
were very large. 

As the increases from the different treatments were not very different, 
lh('r(‘ an* ])ri*sented in table 4 the average increases obtained from the snl- 
phur treatments in dry and wet years and also in years considered fairly 
normal from the standpohit of jmecipitation. 

TABLE 4 .—Jncrcasfs in yield, nieasurtd in oO-lb, per avre, resulting from 

^^^dphHr treatment in icet, dry, and normal years; all treatments and tests averaged 



Average yields in crates 



Rainfall 

per 

acre 

Increases 
in crates 
per acre 

Percentage 

conditions 

No 

Treated with 

increase 


sulphur 

sulphur 


Dry years . . 

33.4 

111.9 

78.5 

235.0 

Normal years 

96.9 

124.8 

28.1 

29.0 

Wot years. 

139.6 

141.2 

1.6 

1.2 
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The results obtained in the so-cnlled dry years, or in those years in A\hieh 
the soil was dry diirinjr tlie period when plants were prodneinpr their roots 
and beeominj^ established, were very outstanding. In such years, on many 
of the nonsulplaired plots, the loss was total or praetieally so. Only in 
those plots in which the infestation of the Aetinoniyeete was apparently 
restricted, did any of the plants grow and produce potatoes. In the sul¬ 
phured plots, the yields were satisfactory and as good as or better than tin* 
average of the fields in the coinnmnity not atfected with the soil rot. Sul¬ 
phur was responsible for an average ine|f.*ase of 78.5 crates jxn* a(*re, or 23 j> 
per cent. In some tests, increases (»f 120 to 160 crates were obtained. In 
what were considered normal years, an increase of 28.1 crates or 29 per cent 
was obtained. In the wet years, however, the sulphur seemed to have little 
or no effect. 

now LONO IS srLPJirR pkpectivk 

Fj*om the standpoint of the gi'ower, it lias been iin))oi*tani to determine 
the effectiveness of a single applicati<»n <»f sulphur in controlling soil rot 
in the succeeding years. If snl]>hnr were only effective in holding tie- 
disease in check in the season immediately following its application, its 
use might not be a pmctical method of control, because of the expense 
involved. If. how(‘vcr, satisfactory sweet-ptdato cro])s conhl be grown in 
the treated fields for six or eight years, the c*x]>ense of treatment that miirhl 
be charged to each crop would be small. 

The tests in the last f<*w years of the inv<‘stigation wen' to determine 
the lasting effects of the sulphur. Xo new applications of snl]>hnr were 
made and the plots used were ihose wliidi had been sulphured from 4 to 
years earlier. The yields obtained in tli»' individual tests in 1944 (a dry 
year) and 1945 (a normal year) with the niiin])er of years after the af>pli- 
catioiis of snlidinr are included in t;d»]»‘ r>. Only the j)lots wbi(‘li rect-ived 
600 lb. of sulphur are inclnded, 

TABLE i).— The rffrcilvt ntss of anlithnr tnoluo ni in uffU's fnlloiriuft applieation. 
Yields tff 7tonsulphurf d phds and plots tifoh/t irifh tiOfi Ih. sulphur in indindnal If'sts hi 
I'dfi {dry year) and (normal year > 



1944 



194.'» 


Crop year 

Xo 

.^olphur 

T rcated 

Crop year 

Xo 

sulphur 

IVeatc-d 

after 

treatment 

Av-illi 

snlpliur 

after 

treatment 

with 

sulphur 

4 

o.a 

112.5 

• .5 

1 : 54.5 

1.53.2 

4 

I.s 

118.4 

8 

44,1 

121.0 

5 

S2.1 

204.0 

(> 

108.;5 

200.7 

4 

t».7 

129.4 

5 

‘*0 •> 

107.9 

4 

1S.‘> 

187.2 

r, 

2(i.l 

.54.2 

6 

10 L\S 

188.7 





It seems certain tJiat on the terra<*e soils of Fit. Landry Pai’ish in L(nu>^i- 
ana, applications oF 600 to 800 Hi. of sulplntr will largely eliminate ]o.ss4*s 
from soil rot for five to six years and ])(.ssib]y longer. While it has not been 
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determined witii certaiiity how lon^ a sulphur application will be effective 
in con troll in«: the soil-rot orjranisin, it has seemed advisable to recommend 
a second application of sulphur at the rate of 200 to 300 lb. i)er acre after 
five to six years. Su('h an application seems necessary to hold the pH of 
the soil close to 5.0. 

SUMMARY 

The soil rot of sweet potatoes has caused serious Josses in certain areas in 
Louisiana sin<*e 1934. 

The causal orjranism, Arfinoniyccs ipomom, is not important at a pH of 
5.0 or less. The terrace soils in St. Landry Parish in which tlie disease has 
been troublesome vary from pll 5.G to 5.8. 

By applyinpr sulphur at i*ates of 500 to 800 lb. per acre, it has been pos¬ 
sible to lower the pll of these soils to about 5.0 and to maintain it at that 
level for four to six years. The 500*lb. a])piication was not so effective as 
the hij^her apidicatiou.*-*. 

Losses fi’om soil i*ol. liave been practically eliminated by the application 
of sulphur, in the better fields, increases of 120 to 160 cratx?s per acre 
from the sulphur-1 reated areas have not been uncommon. 

The disease was more severe in years when rainfall was low at the time 
Ihe ytmuo* jdauts were produciu'r roots. In dry years in severely infested 
fi(‘lds, all plants w<*re killed, or failed to produce jrood vines. In very wet 
years, loss(‘s from soil rot were sliprht. 

Department of Plant Pathology, 

Louisiana AoRKnu/nmAL Experiment Station, 

Bato.v Rouije. Louisiana. 



THE CYTOLOC^Y OF USTILAGO 8TR1IPOKM1S FORMA 
POAE-PIMTENSTS IN ARTIFICIAL CULTURE^ 

J . (r . Jj E A (’ Jl A N 1> M A K Y A L ICE R Y A N 
(Al'ct'ptcd for piihlirntioii .luno lI7, 194()} 

IXTHOrn'CTION 

Stripe smut of jirasses, Vsiila(fo slriifonnis (West.) Niessl, is kiunvii to he 
jmrasitically speeialized and at least fiy,‘ idiysiolo^ic forms have been recopr- 
iiiz<‘d (4, 5). The j)hysiolo^ne forms are distiii«iiished ])rimarily on the basis 
of host speeifieity, althou^di marked differeiUM's in methods of spore ofermijia- 
tion, enltural behaviors, and life histories have been reported (4). Leaeh. 
Lowther, and Ryan (RI) railed attention to etM*tain of these differeiiees and 
have deseribed the unicpie behavior of the stripe smut from bhie^rrass {Poa 
pratvnsis L.) Avhen jjrrown on ajiar. They showed tliat this smut readily 
forms ehlamydos])oi*es on potato-dextrose ajrar and has two distint*t tyj>t\s of 
vej^etative growth. 

The first isolations of this smut were obtained from tissue eultures made 
from unruptured pustuh's and th(‘ immediat(‘ly surroundin.L»’ host tissue. 
Two tyj)es of eolony were observeil in the orijiinal i»lates, one eonsistin^ of 
straijjfht, radiatinjr hy])hae that formed a tou'.dj, leathery, tnyeelial mat, the 
other bein^ comtmsed of irrejrular, etirved hypjiae that, when disturbed, 
broke readily into numerous short frajiinents. The latter type of (*oIony has 
a wrinkled topo^»‘raj)hy and is waxy in texture. Spores weir formed by both 
kinds of eolony, [)ut W(*re formed soon<‘r and more freipumtly by the fraj*- 
meiitinjr tyjie. Althouj^li the orij^in of the first eolonies isolated was not 
notieed, mieroseo])u* observations made of later isolations imlieated that the 
frajriuentiim' eolonies arose ('hiefly from myet'lial fra^Muents fi'om immature 
pustules, Avhile the radiatiii”; (*olonies ai*ose from ‘.MM'ininatijij*- spore's. Germi¬ 
nating^ s])oi*es, iiowe'ver, may eventually jiive rise to fra«^»'mentin^- ('olonies. 

Heeause of the unusual ability of this smut to eomph'te its life history in 
artifieial eiiHure and heeause of its peeuliar types of vegetative' ^^rowlh, a 
eytolojrh'fd study promise<l to be of more than ordinary interest. It is the 
purjiose of this |)aper to deseribe the eytolojry of the funjjus as studied in 
artifieial eiilture. 

AIATKKIAOS AM) .UKTIIODS 

All effm t was made to stain the fun«rus with a inudear stain in ail stages 
of *!:rowth from eariy spore <>:ermination to the formation of mature ehlanix - 
dospores. Spores were jrorrninated in <iistilled wattT, in dilute malt extract, 
and on a thin film of ajrar spread over the surface of a slide aeeordin^^ to the 
method used by Wanji: (15). The last method, in f^eneral, jrave the most 
satisfaetoi*y results. The various stajres of vep:otative f^rowth were obtainetl 

iPublisliod with the approval of llio Director of the West Viifrinia A^nivultural 
Kxperimont Station as Scientific l*a])er N<». In cooperation witl) tlie V. S. Reifional 

Pasture Research Laboratory, U. S. D(‘partineiit of A|jrjciilture. 
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pnrily by alluwiu^^ spores to jrrow for various ])erLods of time 

oil the a<rar film uikI jiartly hy takinjr material from Petri-dish cultures of 
<lifferent ajres and spreading* it over slides covered with ejrg-albumin fixative. 
The material was killed anil fixed by exposure to the vapor of Flemings’ 
weaker solution for JO to 20 minutes. The fixed material was stained with 
fairly satisfaidory results by using iron-alum haematoxylin and following, 
with minor variations, the schedules of Holton (10) and Hirsehhorn (9). 

RESULTS 

As previously reported (1**1) the chlamydospores germinate by forming 
a germ tube tliat usually branches before it has become more than 100 p long. 
The germ tube bi'anches sooner and more profusely in a nutrient solution 



Fig. 1, A. An niibraiielu'd germ lube containing four nuclei whoso size *iiid charac- 
tei'istic, grouping iiulicnto that they originated through roduetion division. Stained with 
iron alum liaomatoxyliu. Approx. UiOO \, R. A segment of a diploid (synh ary otic) 
mycelium showing the largt* obhmg diploid nuclei and the thick, transparent septa, which, 
upon dissolving, cause the mycelium to break up into short fragments. Appr>x. 1200 X. 
Note the relative size of the nuclei in A and B. 
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tliaii ill (listilJed watei*. Oi'ea^sioually two distinct frerm tubes are formed, 
usually arising? from opposite sides of the spore. The {>erm tube is iion- 
septate and produces no sporidia. Without noticeable pause, the branched 
jrerm tube, wlien ^rowinj; on a«>:ar or in a nutrient .solution, <»:rows directly 
into an extensively branched mycelium. Thus, the jrrowth of the jr(‘rm tube 
is indeterminate, and the promycelium, characteristic of most smuts, is eom- 
]>hdely lackinjr. 

The nuclei stained well and were readily ivcojrnized. Hecans<' of the 
dark color of the spore wall, the belujA ior of the nucleus within the sjiore 
could not be determined clearly. Apfiarently the spore contains one large 
fusion nucleus, as reported for most other smuts. This nucleus divides early 
in the process of germination. Tsually it divides after entering the germ 
tube but it may divide while still within the spore. The latter is (Evidently 
the case when two separate germ tubes are formed. The first division is I'ol- 
loAved immediately by a second; hence, four nuclei in orderly arrangement 
are very common when the germ tubes are stained at tln‘ jirojier time ( Pigs. 
1, A, and 5, A, H, C^. All stages from one large fusif>n nucleus to the four 
smaller, apparently hajiloid nuclei are fouml in young germ tubes (Fig. o. 
A-F). This nuclear behavior is interpreted as evidence of the occurreiuM' 
of reduction division, although individual chromosomes and their behavior 
could not be recognized Avith any degree of certainty or consisteiu^y. 

The nuclei in young germ tubes are nearly spheri(*al and measure 2 to 3 [i 
ill diameter. There is, how(‘ver, considerable variation in size and sliajic in 
different preparations. Although the nuclei were well differentiated, the 
behavior of individual chromosomes couhl not be followed. In many indi- 
vidual nuclei chromosome-liki bodies could be detected, but it was only by 
the exercise of much imagination that their lv‘havior could be interpreted 
as meiosis. If the ob.served chromosome-like bodies art‘ true chromosomes, 
the chromosome number in the haploid nucleus is, in all probability, two. 
In many cases, however, nuclei appearing to consist of two chromosomes 
could equally well have been interpreted as nuclei undergoing division, in 
which individual chromosomes could not be distinguished. Hence, no defi¬ 
nite statement can be made at this time as to chromosome number or behavior 
of chromosomes during meiosis. 

By the time the original fusion nucleus has given rise to four nuclei, or 
soon thereafter, the germ tube hius begun to branch. Without any notice¬ 
able rest period, the nuclei continue to divide. One or more nuclei migrate 
intesthe different branches and nuclear flivision continues as the branches 
grow. Up to this point few or no septa have formed. Soon. hoAveveu*, in one 
or more hyphae thick, transparent septa may ajipear and a change in the 
method of growth in these hyphae then takes ))lace (Figs. 1, B, and 5, H, 1, 
J, M). The hyphae in which this type of septation has occurred continue 
to grow and form branches, but the braiudiing is of a different type. The 
new branches always arise adjacent to a septum and may curl backward or 
grow in almost any direction. Septa form at short intervals in the curled 
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brrtiK*hes and more new branelies form and enrl in a characteristic manner, 
producing a type of j^^rowth that is easy to distinguish from that of colonies 
with radiating hyphae. As this type of growth (*ontinnes the septa become 
greatly thickened. Part of the thick, trans[)arent septum appears to dis¬ 
solve, so that the myc'clium, when disturbed, breaks up into short fragments, 
each consisting of a single cell or a few loosely attached cells (Pigs. 1, B, 2, 
and 6, B-J). 

With this change of growth habit there occuirs also a change in the 
character of the nucleus. The cells of the new type of mycelium are typically 
uninucleate, but the nuclei are much larger than the haploid nuclei in the 



Fkj. *2. Frjigiiicnts of diploid (synkaryotic) mycelium sbowing separation of indi¬ 
vidual cidls by dissolution of the thick hyaliiu* septa. Each cell contains a single large 
micloiis l)f*Ii»'vid to ho di]doid. 'Plic nuclei vary in shape bnt arc most frociiieiitly oblong. 
A[>pr4»x. ]-(M» 

young germ tube. The nucleus is usually oblong rather than spherical, its 
longest diameter being greater than the diameter of the mycelium. Its 
ol)lojtg shape. then*fore, may be the result of compression (Pigs. 1, B, 2, and 
6, B-^I). An occasional cell of this myeelium may be observed with two 
nuclei, often very (‘lose together (Pig. u, d). In such cells the nucleus is 
asstiiiKul to have just completed division. 

These large nuc'lei stain very heavil.v and, although in certain individual 
nu(*lei ehromosoine-like bodies could be detected, no definite number eould be 
found with suffit'ieut c(»usistency to justify an uiuiualified statement as to 
ebn>mosome content. All eireumstantial evidence, however, indicates that 
these are diploid nuclei and that a fusion of nuclei of opposite sex o(*curred 
just iirior to the origin of the fragmenting myeelium. The cells of the frag- 
meutiug mycelium, therefore, are assumed to be syukaryotie. 
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Otliei* brandies of the same iiiyeeliiim may eontiiiue to jrroAv iji the radiate 
manner. Althoii^li tJie radiate liy]»liae eventually become sejitate, the se]>ta 
are further apart and much thinner. Also, tlie septa show no tendemw to 



Pig. a. A. A sei-tor of a 'a'rtifal ci'o.ss .scctitm of a radiatiii^ coloiiv uf l’slila(/n 
slriiformis ^rowii on potato-dextrose ajjar. JVear the eeiiter of the jnetiire is a vouii^ 
pocket of spores that ori^iinated beneath the surfaee of the eolonv. Approx. l()l»*x. A 
more highly magnified picture of the spon* ]M»i'ket is shown in hgiire'4. H. A sport* pockt*t, 
older and larger than the one shown in A but from tin* same eolonv. rndifferentLated 
mycelial fragments occur in the center of the pocket while mature spores are foujid at the 
periphery. Approx. 100 x. 

dissolve and tliei-e is Jio fra<;iiifidiji«? of tlip luy.-eiiutu. The uiudei of smdt 
mycelium are smaller and more nearly spherical (Fi<r. 6, A). It is believed 
that these hypliae contain haploid imelei. 
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OrtPii fairly lai^o colonies of radiatiiip; rayeelium may be formed but 
eventual small ])oekets of frajrmenliiijr myeelinm will ai)i)ear and spores 
will be formed (Pi«rs. 3 and 4). Sjiores are never formed directly on radi- 
atinfj: liyphae but whenever Ihe t'rajrmentin^ type of mycelium appears in the 
(‘oloTiy it, with rare exceptions, proceeds directly to spore formation. This 
j-esuJts in pockets of spores that ajipear to be formed in a centrifu<ral manner 
from a central “ meristematic’’ cluster of mnltiplyinj*: mycelial frajrments. 

In still other cases the change in tyjie of jrrowth may occur very early, 
sometimes as soon as the ^^erm tube bej^ins to branch (Pifr. 5, K), and the 
entire my(M‘lium will be of the frafrinentin*** type. This behavior may be 



Fio. -1- 'J’lic s]K»r(‘ pocket shown in lijrurc 3, A, magnified about -lOU x. The spores 
:n'e forming from sliort mycelial fragment.s. 


due to unusually early kaiyogamy or, perhaps, to such a failure of the 
original fusion nucleus to umlerg'o reduction division as was reported by 
(Miristensen (IL 1o ocenr oeeasionally in z<af\ 

Th(‘ process of sjion* formati(»n bas been studied earefnlly and no evidence 
of byphal fusions bas been found. Plaeh eel] of a fragmenting mycelium 
may either grow ami form new eells or develop direetly into a eblamydospore 
with no further fusions of nuelei. Various stages in this jiroeess of spore 
formation are shown in figure (i, K O. The individual hyphal eell enlarges 
near tin* middle, becomes shorter and thieker, and gradually acquires a 
spindle shape. The nueleus enlarges and becomes extremely irregular in 
outline and somewhat diffuse. As the spore becomes moj*e globular, echinu- 
lations appear in the eell wall and the nueleus becomes denser and more 
regular in outline. At tlie same time the cell wall takes on a brown color 
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that increases in intensity as the spore matures. The mature spore is often 
almost spherical, but many of those formed in artificial (mlture are .slifrhtly 



Fig. sporrs in vnrh s stn^^ps of (li*vi*l(»piiinit. A -F, stains in roduc 

lion division. G-.1, inoiv advanced staji;' in wliitdi fiirtlit-r mic-lcar dix isioii has (u'ciirrcKl 
and in which karvof^aniv is taking; plar. followed hy ]nodin*tion of dijdoid inyiadium. 
K, a form of germination in wdiich the niy -liiijn is (»f the diploid typo from the hegiiming, 
indicating absence of reduction division ir iimisiially early karyogainy. L, a germ tube 
in which there are either o pairs of luiiisiially small nuclei or b nuclei with twa» chronio 
somes each. M, a diploid (synkaryotic) hypha containing four cells, two of which are 
forming branches and whose nuclei luive Just undergone division. Approx. 700 y. 

ovoid and some retain the two ])()in1e(l tips tliat give tliein a ehara<deristie 
Jenion shape. 
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111 seme ciises tlic myeelium does not all break up into fragments and 
intercalary s])ores are formed in chains (Pig. 6, P, Q), but this is not the 
typical method. 

Certain cnliui’cs of the fragmenting-mycelium type have never formed 
sjKires although they have been cultured on agar for more than two years. 



PUi. ti. jlaplcid aiul iliploid (synkaiyotio'l niycflia :ind various stages in spore tor- 
inMtiou from syiikaryotu* rolls. A, i\ hmiirhod hyplia of typical haploid iiou-fragmeiitiug 
myeoliuui with small mirloi and thin septa. II—K, various types of diploid (synkaryotic) 
phae ami niyrelial segments with ceils each containing a single, large diploid nucleus, 
various stages in the transformation of synkaryotic ctdls into ehlamydospores. 
.\pprox. 70n v. 

No significant ditferciu'cs in their myeelia or manner of growth have been 
observed. Nuelear stains show that the myeelia] fragments in the noii- 
sponilating culture have the same ty pe of large oblong iiueleus, but the cells 
continue to grow \ cgetativel.v and do not form s])ores. No satisfactory 
explanation for their failure to sporiilate can be offered. 
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DISCrSSIONT 

The cytol()o:y of this is diftVmit from that of any smut previously 

deseribed. Since si)oridiii are not Formed and tliere is no evidence of liyphal 
fusion, it must be assumed that the fuii<*:us is normally homothallic. How¬ 
ever, since apparently haploid mycelium is J’ormed, it is ]>ossible tliat by 
j)roj^er mani])nlation hyphae of o))posite sex could b(‘ sei)arated. Circum¬ 
stantial evidence indic'ates that redm-tion division o(*curs followinji* jLr(M‘mi- 
nation and that tJiere is normally a. partial recombination of haploid nuclei, 
presumably of ()]>])osite sex, in the braucljj^in^ tubt\ Karyojiamy api)ar- 

entJy takes place immediately following the* rec'ombinatioii, although it is not 
always j)0ssible to distinguish between nuidear division and nuclear fusions 
in this sta^e of develojuncut. There is no distiiii't dikaryoj)hase. There is 
a multiplication of tlie di])loid nucleus aiul ('xt(Misiv(‘ jrroAvth (»f synUaryotiit 
mycelium preceding: sj^ore formati(»n. In so far as the writers know, these 
two j)henomena, are not kjiown in any other smut. 

It has not been i^ossible to determine what cytolojrical ])ro(*esses take place 
Avhen the funjifus, after j^-rowinj^' for a considerable time as a haploid ]‘atliate 
mycelium, changes over to tlie frajifinentinji tyj>e at localized points i!i llu* 
colony. It could be that then* is a delayetl j)airin*»’ and fusion of nuclei of 
o])posite sex, ])ossibly throuj.d! fusion of adjacent hyi)hae. No such fusions 
have b(‘(Mi observed, but oc'casional fusions of this type would not be easy to 
detect. On the other hand there may be spon^ foi'mation from bisexual 
liaploid nuclei asre|)orl(‘d by Hanna i 6, 7) in Ca/trunfs by Hardtu- 

(8) ill stcnjidlimfs, and by Winjie and Laustsen i 16) in Sdccluiru- 

(;UllJsoi((( us. Althou^di no (h‘finitely dikacN otic mycelium has been 
seen, it must be remembered that jiarallel ^•onjuJi•ale tlivision is not the iMile 
in smut funjii and oct-asional binm-leate ny})hae niij^ht be overlooked. 

The cytolojry and life history of this smut an* so strikinjily ditferent fi-mn 
those (d' other smuts generally ciassificd as jihysiolo'.r'ic foi*ms of Vsiihujft 
siriifonuis that one seems juslitied in (juestionin^ its specifn* identity. The 
authors consider it unwise, Iiowcmu*, to attempt any chanjzes in noimmelat ure 
until more extensive conijiaiative studies iiave been made. 

Not only is the e\'toio^'y of this smut unique foi* rsiUmjo siri'ifnnuis, but 
it also departs widely from the usual com'cpts of ihi* cylolojiv of smuts in 
frcueral. The smut apparently is on<‘ of the few truly homothallic smuts 
and, in so far as the author^ have b<‘en abl<» to learn, no other smut and few 
fun^i are known in which there is a synkaryotic v(‘^udative stajre. 

Blizzard (1) found no fusion of sporidia or of saprophyti(* mycelium of 
Uroci^stis cepulac. In the host jilant the vegetative myi'elinm ivas uninucle¬ 
ate until just before s])orulation, when binucleate ctdis aiipearcd without any 
evidence of liyplial fusion. This has been interpreted (12) as a po.ssible 
boinotliallic species. 

G) uphtola phocmcis pi*obably is homothallic?, since, a(*eordinfr to Killian 
(11), its short dikaryophase is not the result of cell fusion. It is possible 
that TJstilaoo ischaemi is homothallic, since, accordinj^ to Boss (2), it forms 
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('hlaniydospores from iiiiinNcIcate rclls. However, sioee ueither rediietion 
division nor fusion of iiiielei were demonstrated for this fun^ms its condition 
is subject to other interpretations. [See Kniep (12) and Sampson (14).] 

Sam])son (14), in reviewin^^ tlie cytolojry of tlie smut funj^i, recognized 
their extreme variability and j)oint(‘d out how previously accepted concepts 
were revised as more si)ecies were studied. Apj)arently the ])resent study 
calls for still further revisions of our e<mce])1s of smut cytology. 

SUM .MARY 

Vsttlafin alrilfonHis from Pita jtrafcHsis completes its life cycle and rorms 
cJdamydosj)ores oji agar. A (*yto]ogical study was made of the fungus in 
culture and, according to th<‘ writers’ interpretation of the nuclear behavior, 
the fungus is normally liomothallic. It ])ro<luces both ha})loid and diploid 
(synkaryotic) v(*getative mycelium and it lias no triu* tlikaryopha.se. The 
(‘hIamydos])(»re contains a large nucleus, apparently diploid, that appears to 
undei'go reduction di\ ision soon after sjuire germination. The germinating 
spore does not form a true [»romyc(dium but ]>r(><luces a branched germ tube 
of indetermiuati' growth. Sporidia. arc not j>rodu('ed and hyphal fusions 
have not been ob.served. A partial reaNsortnuMit of mudei takes place in the 
branching g(‘rm tube or n^sulting mycelium, and karyogamy occurs Avithout 
an interineiliate dikaryo|)lias(\ The synkaiyotic cells midtiply vegetatively 
fmaning a characleristii^ fragmenting mycelium i’(‘adil\ distinguishable from 
the radiating haploid mycelium. The diploid synkaryotic mycelium in its 
ty])ical form of growth biv'aks uj> readily into short fi‘agments. each cell of 
Avliicli ('ontains a single large ajiparcntly iliploid nucleus. Each cell of the 
fragmenting synkaryotic mycelium may be transformed directly into a 
clilamydospore or it may <livide to f(U*m n(‘w .synkaryotic (*ells. 

Wkst X'lRui.NiA AuKK'n/rrR.M. Exi*i:ri.mi:\t Statio.v. 
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FUNGISTATIC^ ACTION OF DIPHENYL ON SOME FRUIT AND 
VECJETABLE PATHOGENS^ 

Ba KB Alt A i) . RlCIBKKGli AND GlKX B. K A M S E Y- 
(Ac*iu*pt<^<l for publication July J, llMfi) 

Fii a study of the fuiijristatie aetion of dipljenyl (C,jHn' (JeHo) vapor on 
eitriis fruit patJiofreus in pure euJture tliere was a Avide raiifre of tolerance 
to tliis eheiuieal by difl'ereut funjri/ Tlie frrowth of some of the most serious 
fitrus })atho^^ens Avas almost completely inhibited by the diphenyl vapor, 
some Aver(‘ moderately supju’essed, and othei*s <rreAV at practically the normal 
rate at 40” and 70” F. These studies indicated that further tests AAuth other 
fruit and vejtetable patho^^ens mi«rht be Avoi'tliAvhile since the fiumistatie 
action of tlipheuyl has been successfulh’ utilized as a means of controlling: 
decay in ex|)eriimuital and (‘(unmercial shijunents of citrus fruit. 

The use of di])heuyl lor controlliujr the developimuit of decay in packagred 
<‘ommoditi(‘s is *»:reafly limited b(‘cause the o<lor of this chemical is taken up 
and retained by the cuticle and Avaxy peel of many ])roducts such as ap])les, 
peai’s, peaches, tomatoes, <*ucuinbers. etc. HoAvever, the fact that citrus 
fruits do not loug^ retain the odor after exposure to the air sugrgfested the 
possibility that certain other fruits ami A'eg'etables migfht not retain the odor. 
If so. developiiumt of decay in such jiroducts during: transit and marketing: 
mijrht be controlled by diphenyl impreg:nated wraps, pads, trays, or other 
containers, proviiled the pathojrenii* orgranisms of such products are satis¬ 
factorily controlled by diphenyl vapor. Pn'vious studies shoAved that di- 
]dienyl vapor not only checks vejretative jrroAvth of many fungri but also 
prevents normal spore formation in pra<*tically all species of fung:i tested. 
This fungistatic agent ther(‘fore shouhl be of considerable aid in controlling 
the spreail of decay by contact and by j)reventing inoculation of other speci¬ 
mens with sjiores. It woidd not be expected, Innvever, that diphenyl Avould 
prevent det'ay in fruit or vegetable products in Avhieh the pathogen had 
ah eady btM'OTue established previous to packaging. 

The chief purpose of the jnrsent investigation Avas to determine the effects 
of dii)henyl vajHU* on the groAAth of important fruit and vegetable pathogens 
found on the market. 

Studi(‘s were made on 52 oi-gauisms representing J15 genera of fungi that 
cause decay of fruits and vegetables during transit, storage, and marketing. 
The groAvth of (‘ach ])atliogen Avas determined by measuring the diameter of 
JO or more colonies groAvn on potato-dextrose agar in 10-cm. Petri dishes. 

1 lnvcstig:atiou eoiuluctcd bv the Division of Fruit and VogetabU* Props and l)is(*as<*s, 
Burcnu of Plant Industry, Soils, and Agricultural Engineering, Agricultural Kcscnrcli 
Adininistration, U. S. Department of Agriculture, in cooperiition with the Department 
of Botany at the ITniversity of Chicago. 

2 Scientific. Aide, « Senior Pathologist; Bureau of Plant Industry, SoUs, and Agri 
cultural Eiigiiieeriiig, Agricultural Research AdniinistratioTi, U. S, T>epnrlmeut of 
Agriculture. 

< Ramsey, G. B., M. A. Smith, and B. C. Heiberg. Fungistatic action of diphenyl 
on citrus fruit pathogens. Bot. Gaz. 106: 74-83. 3944. 
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TABLE 1. —Growlh of fruit and vcffrtahtc pafhoifcns on potaio-dcxlrosc agar plates 
at room temperature when exposed to diphenyl vapor 


Organism 


])inmeter« of colonies in mnj. 


Control Diphenyl 


Jam c//n Ell. & Pierce ... 

A, radicina Mt*ier, Drechs. & Eddy. 

A, solani (Ell. & 0. Martin) L. K. Jones S: Croiit ^ 

A, tomato (Cke.) G. P. Wel»er. f 

Aspergillus sp. from nectarines . 

Botrytis allii Miinn ... 

B, cinerea IVrs. ... 

Cephalosporium sp, from celery 
Cladosporium vueumerinum Ell. & Arth. 

C, her bar uni Lk. 

Colleiotrichum cireinans (Berk.) Vogl. 

C, glocosporioides Pen/-. 

Coryneinn htijerinckii Oud. 

Diplodia natalensis P. Evans 
Doihiorella sp, f roni Avocado 

Bndoconidiophora fmbrinta (Ell. & ITalst.) Davidson 
B. paradoxa (Dade) Davidson 
Fusarium selrpi Lambottc & Eautr. 

Gloeosporiuni perennnns Zeller & Childs 
Glomerrlla eingulala CSton.) Sp«auld. & Schrenk 
Maerophomina phaseoU (Maiibl.) Ashby 
Maerosporium sp, fron) tomato 
Melanconiurn sp, from tomato 
Melanospora sp. from potato 
Monilinia frurtieola (Wint.) Honey 
At, hua (Aderh. & Rnhl.) Honey 
Oospora laclis parasiliea Pritchard & Porte 
]*(nicilUum digitatuni Sacc. . 

J*, e.rpans\m Lk. ex Thom 
P. italicum Wehmer 
Pesfalotia sp, from ])jneapple . . 

Pellicularia mieroselerotia G. F. Weber 

Phoma betas (Ond.) Frank 

P. sp. from apple . . 

P. destrunliva Plowr. 

Phoniopsis citri Fawc. 

P, vexans (Sacc. & Syd.) Harter , . 

Phyiojdithora eitrophthorn R. K. Sui. & 1^. II. Sm. 
Phyllo,diel<i stromiuella Bros. 

Plenspora lycopersiei EJ. & Em. Marchal 
Pythivm debaryanum Hesse .. 

Bhisovionia solani Kuehii 
Mhisopus nigricans Fr. 

Ji, sp. (no. 3747) from peanuts . . . 

Sclcrotinia intermedia Ramsey. 

S. minor .1 agger . 

S. sclerotioriini (Lib.; DBy. 

Selcrotiuni rolfsii Bare. . 

Septoria citri Pass. .... 

S. lycopersiei S])eg. . 

Synccphalastrum sp. from peanut 

Trichoderma viride Fr. . 


3 days 

7 days 

3 days 

7 days 

35 

76 

20 

46 

25 

41 

7 

11 

31 

71 

8 

16 

33 

80 

14 

3i 

23 

45 

0 

T 

20 

80 

0 

0 

54 

80 

0 

0 

6 

17 

T 

10 

17 

34 

11 

14 

28 

38 

T 

7 

2(» 

50 

10 

22 

32 

74 

16 

.30 

14 

28 

0 

r 

72 

80 

0 

T 

15 

80 

0 

T 

J(> 

42 

7 

15 

80 

80 

0 

T 

18 

36 

T 

12 

in 

20 

8 

18 

2b 

74 

30 

32 

80 

80 

0 

T 

10 

51 

5 

15 

13 

33 

0 

T 

32* 

75 

18 

58 

H) 

55 

0 

0 

15 

48 

{) 

0 

17 

34 

17 

31 

23 

63, 

0 

T 

35 

47 

0 

0 

28 

80 

T 

T 

35 

80 

T 

10 

;io 

70 

0 

T 

20 

71 

'r 

8 

28 

76 

0 

6 

21 

57 

0 

10 

20 

57 

T 

12 

43 

70 

T 

11 

23 

57 

27 

80 

20 

72 

0 

S 

14 

56 

0 

r 

80 

80 

80 

80 

80 

80 

T 

8 

Ht) 

80 

0 

T 

so 

80 

80 

80 

4 

55 

0 • 

0 

7 

80 

0 

T 

35 

80 

T 

8 

43 

80 

T 

T 

7 

12 

T 

T 

0 

10 

0 

8 

68 

80 

0 

0 

68 

80 

17 

80 


80 = full plate; T trace of growth. 





]94G| 


HKIBKKCi AND KAMSEY : DlDllENYL VADOR ON FUN(JT 


889 


For ea(?Ji orj^ajiisiii a set of 10 plates was poured. Two plaiitiup:s from vijror- 
ously ‘rrowiiijr lunv eultures were made on oj)posite sides half way from the 
(*euter to tlu* edjre of eaeh plate. Five j)lates were held as eoiitrols and in 
the eeuter of the remaininjr f) j)Iates was iutrodueed approximately 60 mfr. 
of diphenyl crystals. The plates were held at room temperature (68-72° F.) 
for one week and the diameters of the colonies were measured 1, 3, 5, and 7 
ilays after inoculation. The average diameters of 10 or more colonies on the 
third aiul seventh days are shown in table 1. At tlie eiul of ojie week the 
diplicjiyl (‘rystals were rcjnoved from several of the plates in each test to 
determine whether orj^anisms whose jirowth had been suppressed would 
recover. The va])or from 60 iiijr. of diphenyl crystals did not prove funjjri- 
cidal to any or^nmism tested. Folonies of each fungus recovered in a few 
days and normal j*n»wth was resumed. 

Altlioujjh a<‘<*nrate ('om])arisons of jrrowtli rate between the species of 
fuiu^i listed in tabh* 1 (‘ann<»t be nunle because the 4*nltnres were not all made 
at tin* same time or ‘•rown under identical conditions, the table shows a w’ide 
variation in t(»lerance to diphenyl vapor. 

The (*hara(*t(*ristic jirowth of the colonies of most fuiijii suppre^ssed by 
this (‘hemical is a small, com]>act mass of distorted, knobby hyphae ^rowinjr 
ovei* thi' scpiare (d* inoculum and in some cases spreadinjjr slightly onto the 
ajiar. (Irjianisms that are only sJifxhtly ch(‘ck<‘d by the diphenyl vapor show 
varyino* decrees of distortion and abnormal j^rowth of the hyphae. Some 
devidop <ziant swolhm (m*I1s: others have short bead-like strands of cells, and 
still others lay down numerous cross walls and the hyphae branch e.xces- 
sivcly. Most organisms do not produce conidia or other fruitinp: bodies. 
AUvn\aria rffdicina, P(slalofia sp. and ClinJitspurinm cjtnnnf ritnim were 
tlie only oi‘<>anisms, amoujr those su])i)ressed by the vapor, that developed 
sjH)n»s, ami ihest* sj)oi*es were abnormal. (Uphahtsporinm ,sp.. which was 
moderately well controlled, d<*velopeil normal spores in the presence of 
diphenyl vapor. 

Tnvhndi t ma riridt, Pifthiitm d( baripinuin, Phptaphfhoni cifrophthora, 
Oospura lactis parasitica, ami Uhizopas sp. (Xo. 3747) produced normal 
hyphae and s|)ores in the presence of diphenyl vapor. Hhizopiis sp. i^No. 
3747), isolated fnun |)canuts, a hi?i:h temperature organism, was suppressed 
in <rrowth ojily sliirhtly by diphenyl whereas a ^ood cojitrol of Rhizopus 
aipricans Avas obtained. The effect on the peaiiut orjranism wjts a suppres¬ 
sion in luxuriance of j^muvth and in the number of mature sporanjria devel¬ 
oped. After three day.s the control plates were full of mature black S])o- 
ran^ia while the colonies in tlie diphenyl plates remained white, develoi>in*r 
only a few bim*k sporangia around the ed<re of the plates. 

In order to determine the least amount of diphenyl crystals needed in a 
lO'Cm. ]>late to check the jrrowth of very .sensitive orjranisms such as Diplodia 
unfairnsis and Rhizajitts aii/ricaas and of a moderately tolerant orjranism 
such as AUernaria radicina, ])lates were inoculated with each or^fauism in 
the usual manner. Into one set of plates 1 m<r. of diphenyl crystals was 
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introduced and in other sets 3.5, 5, 10, 15, and 20 m*;. per ])late Avere used, 
respectively. Little or no control of the organisms w«s obtained by the use 
of 1 or 3.5 mg. of diphenyl. However, 1). natalrtisis, the most sensitive of 
the organisms, was coJitrolIed by 5 mg., producing only a trace of growth 
within a week. Ji. nigricans was usually controlled by 10 mg. of diphenyl 
whereas A. radicina produced a moderate growth with this amount of 
diphenyl. This species of AUcrnaria ])roduce(l practically normal spores 
with 3.5, 5, and 10 mg. of di])henyl, but with 15 and 20 mg. of the chemical 
the spoj*es d(*veloped were abnormal. ^ 

Since diphenyl is moderately fungistatic to a number ol' organisms and 
is effective in stopping growth of several important pathogens, th(*re is a 
possibility of using tins chemical for control of decay in some fruits and 
veg(*tables. However, findhiT tests Avill be necessary to detennine what 
products will not absorb the dij)henyl odor and to <‘stablish the practicability 
of wrapping such commodities jji dij)lienyl-treated paper or of using other 
types of treated pai-kages. According to the ilata obtained so far, suc(*ess- 
ful control of decay is most lilody in fruits and vegetables that arc affected 
by certain common decay-producing si)ecies of Aspergill ns, Itatrifiis, Corih 
nciim, Diplodin, Dothiordla, Enfloconidiophora, Mftcroplxnnina, Mdan- 
coninnh Monilinia, Pdlicukiria, Pcnicilliian, Phoma, Phomopsis. Phgllosticla. 
Plvoapara, Rhizopns, Sclcrolinia, Sch rolinin, and St phnda. rnfortuuately 
the soft rot bacteria {Erwinia carotorora grou])) i)athog(unc to most vege¬ 
table crops are not held in check by diphenyl vapor. 

During this investigation it was found that the differential fungistatic 
action of diphenyl coidd be utilized in general laboratory culture work to 
eliminate some of the more common contaminants. For r*xample, Phi'.fjpns, 
Pcnicilliurn, and Scantspara contaminations may be (diminat<»d from many 
cultures of other fungi by ])lating the contaminated cniturt* and adding 
60 mg. of diphenyl. Within a week or ten days many fungi will develop 
colonies large enough to permit tnmsplants from the margiti tliat are free 
from these contaminants. This method of purif\ ing contaminated cultures 
of fungi has been used successfully to recover many organisms such as .1/// / - 
naria Xrom Ncurospora, Collcloirichuni from Asi)crgilli(s, Endoconidiophorn 
from Rhizopus nigricans, Mavrasporinm from Pt nirilliam, etc. A study of 
table 1 will indicate the probable success of .se))arating any one fungus from 
the others by this method. However, variatiojis in th(‘ cpiantity of diphenyl 
used and also in length of time the cultures are hehl Jiiay permit'se])aration 
of some fungi whi(di have a somewhat similar degree* of tolerance. For e.\- 
amf)le neither Bofrgfis cincrca nor Nenrosptna sp, grew during a week in 
phite cultures with 50 mg. of diphenyl, but if a mixed culture of these fungi 
was held for three weeks the. Boirytis had grown enough to j)ermit a pure 
transfer of this organism and thus to eliminate the Ncurospora. 

Since diphenyl has never been fungicidal to any of the organisms tested 
and transfers of colonies from plates containing this chemi(‘al have subse¬ 
quently grown in a normal manner, it appears that the new teehni(pie may 
be used with safety in separating mixed cultures of fungi. 
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SITM M ARY 

Jn 52 fruit and vejrrtable ])atliof»:ens jrrown ou plate eulture in the pres¬ 
ence of vapor from diphenyJ crystals there was a wide variation in dejrree 
of tolerance to this clnniiical. Ainon<r the orjranisms tested, those whose 
jrrowth was best controlled were specdes of Aspf Bolrytis, Coryiirnmf 

Diplodio, Dothiarvlloj Emloconidiophora, Macrophomiiia, Mfdnncoitiitm, 
Monilinia, Ptilicularkt, Pcnicllliuni, Phomu, Phomopsis, PhijUosficia, Pico- 
s]>ora, Phi.iocfo)}ia, Phizopus, Srlerofinio, Sricroiium, and Scpioria. 

Diphenyl va])ors checked tin* vefrotative ^H’owth and })revented normal 
spornlation of most orjraiiisms, bnl none of the fnii^ri tested was killed. 

The use of diphenyl-ini])rej>:uated wraps. ]»ads, or ])acka‘?es is snjrjrested 
for conlrollinir <liseases of*some commodities; but the retention of the odor of 
diphenyl by many jirodinds will make the use of this chemical impracticable. 

The diff(*rential fnn^nstatic action of diphenyl on many fiin<ri can be 
utilized as a j)ractical laboratm-y method of sejiaratin^ mixed cultures. 
^Fany (‘ultnres of im|u>rtant ])atho<renic or^*'anisms have been clear<*d of con¬ 
tamination by this method. 

Divisk»n ok FariT and Vegetable Chops and Diseases. 
r. 18 . Department of Aokkt ltehe. 

AND 

Department of Dotanv, 

rNlVEKSITV OF CllK’AOO. 
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“ZVfwn/H////.ill (‘ortaiii publications' the term “acquired immunity” 
lias been used to denote the condition that exists in jdants that do not ex¬ 
hibit any rt^aetioii to a £nrth(‘r inoculation with a particular vims after they 
have once been infected Avitli it or with a closely related virus or strain 
of virus. 

In human and in animal pathology jthe term “immunity,” or “ac<iuired 
immunity,” has a different meaning. ^ It denotes the condition that exists 
in men or animals that havt» overcome and are rid of a certain pathogen, and 
remain noil-susceptible to this or to a related pathogen. In other cases, after 
a first infection, and after health has been partly or apparently restored, the 
pathogen remains in the body; and nonsnscejitibility persists only as long as 
the pathogen of the first infection is present. As soon as the j)athogen has dis- 
ai)peared the host again becomes susceptible to infection by tliis or a related 
])athogen. Tn such cases the term “])remunition” is used in French litera¬ 
ture.- It is proposed to use tliis term, “premunity,” in plant pathology 
for the coiiilition referred to as “acquired immunity“ by Price and others.'* 

-—II. M. Qxtanjer, Landbouwhoogeschool, Instituut voor Phytopathologie, 
Wageningeu, ilolland. 

L(‘af-U( niato(f( of Binrs-tusf Fern. —The h‘ar nematode, 

Aplfcloichoidrs fnu/ariar I Uitzema Bos ISiM), causes Jieavy loss(*s to growiU's 
and has lalined the crop of hird’s-nest fern (Ai^plrtni:m nidus) in certain 
years in (/alifornia. It is tlu purpose of this paper to point out certain 
differences between bacterial blight and mmiatode infestation as they affect 
the fronds. 

The nematodes are introduced with the |>otting soil (rats-nest matm*ial, 
a natural forest (‘ompost) which is the only medium in which bird’s-nest 
ferns are grown commeri'ially in the San Francisco Hay region and which 
is nevtn* sterilized. The symjitoms of nematode infestation consist of a 
slight water-soaking in isolated areas at the base of the fronds; the water- 
soaking soon disa]ipears, after wliich the tissues turn a dull brownish-black. 
The discoloration spi*eads rajiidly under conditions of excessive moisture 
ami relatively high t<*mf)eratnre |)revailing in the greenhonse.s. Often sev¬ 
eral fronds may be involved. Such plants may be killed by the munatodes; 
large plants survive the nematodi* infestation although the fronds are badly 
injured and rendered unsalable. 

The nematode-infested fronds of bird’s-nest ferns differ from fronds 
with bacterial leaf blight, caused by Flnflomouas aspItuH, in tliat affected 

1 Price, W. C. Acquired innnuiiity to ring-spot in Nieotianu. ('ontr. Povee Tlioinie 
son In«t. 4: 

aftergent, E., and L. l*errot. Arcli. de I’lnst. F'a.steur d’Algcpie. 13: 279-319. 193.*). 

Quanjer, H. M. Phytopntliologische Tenniiiologie, met specinlo bespreking v;in de 
begrip])en Piotroj)hie, 1 reniuniteit eii Antistoffen. Tijdscdirift (;ver Pljinlenzii'ktcn. 48; 
1—16. 1942. 
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tissues are turbid aud dull-brownish black, while bacterial blight causes a 
water-soaked, soft condition of the leaves, the affected tissues being easily 
crushed Avhen light pressure is applied. 



I. 

KKi. 1. A. of hire’s m‘st fern intVst<'d with tlie iicniatodo,, Aphclmchoutes 
t'rnfforint. 1*. T.i'jit* of* l*iid'’< iicst forii iiifi'Strd Avilh Phufomtntns a,splf{n}. 


0()iit?*ol of iuMiiat<*d<‘ in testation ol* binrs-nest I'erns lias been obtained 
\}y steam sterilizatinn nf the i)o1ting soil, flats, and i)ots at several nurseries 
in San Franeisco. I’utuh A. Akk and V. AI. Tomukins, Division of Plant 
l*atliologA', Pniv(‘rsil>' of Paliroruia, I>erkel(*y, ('aliforuia. 

3fnr( on ihi yani( An^oitospora arcriita. —In PHI the writer’ announced 
iln‘ (lisi-ovei-y of a black rot of celery in coUl storag(‘s due to Ccrcoapora can, 
a fungus previously d<*scribed by Westerdijk atid van Luijk- as the cause of 
aulhraenost* of caraway. In a more complete ilescriptiou of the celery dis- 
i‘as(‘ in 1944 the writer' elevated the pathogenic species to generic rank, 
civing it the name Ansaftispora niacrospora, chiefly because of a swordlike 
ap|)eiidag(‘ found on jnatnre spores. This s])ecific name had been applied 
to the same fungus by Osterwalder^ who described its attack on pansies a 
few^ montlis previous to Westerdijk’s aud Luijk’s description. In 1945 Han- 

1 Xcwhall, A. Ci. An uiidfsi'vibod storage rot of celery. (.\])8tr.') Phytopath. 31: 17. 
IIH]. 

- Westerdijk, Johanna, and A. van Lnijk. Eine Aiithraknoso des Kiimmels (Canijn 
rarvi), Medcd., rhyto]\'ith. bab. WiH'M* ro!nm<*liii Scliolteii, Baarn 8: 51-54. 1924. 

Newhall, A. (b A serious storage rot of celery caused by the fungus Ansatospor^j 
macrospnira u. gen. Phytopath. 34: 92~m,'>. 3944. 

Osterwalder, A. U(‘ber di<* durdi Cvrcospora macrosporn Osterwalder vernrsachte 
Rlattkrankheit bei den Pensees. .Milteil. der Thurganisehen Natiirf. Ge.sells. 25: 59-‘^n. 
1924. 
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sen and Tompkins"’ eallcd attention to the faet that in 1880 Harti^” undoubt¬ 
edly had described the same funguis on sf^edlings ol‘ Ac(r psauloplatamis in 
Bavarian tree nurseries and had named it Ccrcospova acerina, and therefore 
if it deserved grenerie rank the name should be Ansaioapora accrina (Ilartig:) 
n. comb. The writer not only agrees with this reasoning but in seeking veri¬ 
fication has since inoculated the cotyledons of Acer psendoplaianus with a 
pure culture from celery and obtained infections and sporulation which indi¬ 
cates the identitj" of the two pathogens. 

But because of the war, we have all^.nissed the fii*st pai)er in which this 
fuJigus Avas correctly described as the ty|)e sp(‘ci(\s of a new genus. Paul 
Neergaard’ found a fungus on })arsley roots in ('oi>enhagen in 1942 wdiich 
he named Cenirospora Ohlsenii, He gave a Latin description, with draAvings 
and measurements which leave no doubt of the identity of the fungus Avith 
the writer’s description of Aiisaiospora mavroapora. Howca'cj*, Neergaard, 
evidently, like the Avriter, had not seen Ilartig’s paper. Priority and the 
rules of nomenclature di(date the correct name for this fungus as Centro- 
spora (icerina (Hartig) n. comb. 

There are noAV several synonyms for this fungus. As early as 1896 in the 
second edition of his book on the dise^ases of plants, p. 318, Prank^ rathei* 
arbitrarily changed the name from Cerrospora ncerina Ilartig to tiporU 
desminm accrinvm (Hartig) Pb*ank. In 1918 Aniaud'^ again finding it on 
maple seedlings, called it CcrcosporeUa artriaa (Hailig) Arn. In his book 
on the control of diseases and insect ])ests of ornamentals Pape’“ folloAVS 
Arnaud’s nomenclature AAdiilc in a similar l)ook by P"Ia(»hs,^‘ that of Hartig 
is used. 

Anotlnu* synonym as well as a ucav host is of intei (‘st. In 1937 Si)rague^* 
described a fungus causing a leaf spot of Osmtn'h 'na hncipes groAviiig along 
the moist bank of a stream in B<‘nton County, Oregon. He named it Cerco- 
spora praegrandis on aecount of the large conidia. Specimens sent by 
Sprague to C. CJiiipp liave betm found by him and the Avriter to bear conidia 
identical to those of Centrospord averina. The genus Osmorhiza moreover 
is a relative of the genera Pei rose! in mn, Cariim, and Apium on which the 
fungus lias already been described. The list of synonyms for Cenirospora 
accrina (Hartig) n. comb, therefore includes the following: 

•*> Hanson, H. N., and C. M. Toinjtkiiis. The nanio of Ansatonnora macrospora. 
Phytopath. 36: 218-220. 1940. 

6 Hartig, Robert. Dor Ahorrikciinlingspilz, Ccrcospora accrina m. Untersuch. Porst- 

bot. Ipat. Miinchon 1: 58-01. 1880. 

7 Neergaard, Paul. Mykologischo Notizeii IT. Zontralblatt fiir Bakteriologic, Para- 
slteukiindo und Infektionskrankhcitoii, (II) 104: 407-411. 1942. 

8 Prank, A. B. Kraiikhciton der Pllanzen. Band. 2. 574 pp. Breslau. 1896. 

0 Arnaud, S. Lc niildou dcs lilas et la nialadie des eotyledons d^^rable. Bull. Soc. 
Path. Veg. Prance 6: 58-00. 1918. 

10 Pape, Heinrich. Die T»raxis der Bekampfung von Krankheiten und Schadlingen 
der Zierpflanzeu. 361 pp. Berlin. 1932. 

11 Flachs, Karl. Krankheiten und Parasiten der Zierpflanzen. 558 pp. Stuttgart. 
1931. 

12 Sprague, Roderick. New or noteworthy i>arasitic si)ecies of Fungi Imperfecti in 

Oregon. Mycologia 29 : 420-433. 19.37. 
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Cercospora acerifia Ilartif**. Untersuch. Forstbot. Inst. Muiichen 1: 59. 
1880. 

Spoi'idesmiiim accrinnm ( Hart.) Prank. KraJikheiten der Pflanzen 2: 318. 
3896. 

Cercosporclla accriiui (Hart.) Arnaiid. 33iil. Soc. Path. Veg. France 5: 60. 
1918. 

C( rcospora nmcrospora Ostw. Milt. Thurgau. Natur. Ges. 25: 59. 1924. 
Cercospora Cari Wi*stei*dijk & van Luijk. Meded. Phytopath. Lab. Baarn 
8: 53. 1924. 

Crrcospm a prargrandis Sprague. Mycologia29: 431. 1937. 

Ansaiospora niacrospora (Ostvv.) Newhall. Phytopath. 34: 98. 1944. 
Ansataspora acerina fHart.) Hans. & Toinpk. Phytopath. 36: 220. 1945. 
Cenlrospora OhU usii Xeergaard. ZentraJbl. Bact. J^ar. n. Infek. 104; 410. 
1942. 

Since the genus jianie Ausaiotipora iiiust be rejected in favor of the prior 
name (^nthospf/vft it ])e(‘omes necessary to cliange Annatoi^pora Bromi 
S])ragnic to Ccntrospora hromi Sprague, it* indeerl it belongs here rather than 
in the genus NaNinlis])or<i, This st>ecies (K^curring on Bromus rigidna was 
first (leseribecl as ('acospora Bromi by Sprague^'^ and later^* changed to 
Ansatos})ora Brfnni on aeeonnt of “its peculiar secondary coniiHa which are 
attached aixl down d(‘flected from the first or second basal cell of the 
eonidia.’’ 

In reviewing the liost range of C( ntrosponi aerrina, Hartig s statement 
that it is ea])able of living as a sajiropliyte in the soil is brought to mind by 
tlie rej)ort of Bader^' who isolated it from muck-grown carrots several times 
during tlie winter and spring of 1945 in eold storages in Wayne County, 
X"ew York, where it lias Ixhui troublesome on celery for many years. The 
eaiTots are believed to have shown no symptoms at the time they were har- 
ATsted and i)laeed iji (‘ohl storage, a fact previously reeorded by the writer 
to be the rule in ('oniux-t ion with eelery. Specimens of badly affected pansies 
were sent by Mrs. B. B. Rogers from Puyallup, Washington, to Mr. Bader 
at Cornell in the spring of J945. Dr. (dmpp has a specimen of atfected Viola 
from Wrangell, Alaska, colletded September 3. 1934, by (3. P. Gravatt. Trus- 
eotC’’ states the fungus eau attack the roots of beets, rutabagas, and potato 
tubers. It is noteworthy that maple seedlings and pansies are affected in 
early spViug^, that Sjirague’s eolleetion oii Osmorhiza w^as made April 25. 
that on ('araway tl^e infei'tions w'ore severe on seedlings in spring and on 
s(M*(lstalks in the fall, while on eelery and carrots the disease does not show 
until after two or more months in cold storage at 32-33° P. All of this 

3" S|)i‘:igu(», Ro(l<M'i<*li. VndfscrilKMl .spocies of (.Vrcosporellsi and CVrcosporh on cer¬ 
tain grasses in Oregon and Wasliiiigton. Mycologia 29: 199-206. 1937. 

Sprague, TlodcTiclN. Additions to the Piingi Imperfeeti on grasses in the Pnited 
States. Mycologia 38: oL’-di. 3940. 

15 Rader, Win. E. Ansaiospora accrina found causing decay of stored carrots in 
Wayne County, New York. T. S. Dept. Agr., Plant Dis. Kejdr. 29: ,'>22. 1945. 

i« Truscott, J. H. L. A storage rot of etdery caused bv Ansaiospora niacrospora 
('Osterw.') Newhall. Can. dour. Res. (C) 22: 290-304. 1944.* 
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clearly shows the fungus to be a low temperature patliogen with a rather 
wide host range, unlike the loaf-spotting members of the genus Cercospora, 

From an examination of several exsieciiti si)eeimens in the Xbiited States 
labeled Cercospora acerina (Hartig) it is apparent that some are true Cerco- 
sporas, and should be assigned either to C. nrfjvntlinis E. and E. or to C. 
aeericola Woroniehin, both of whieh oeenr on fully expanded leaves in the 
summer months ratlier than on eotyledons in the early spring. This would 
seem to be a helpful gross diagnostie eharaeter. S]>e(*imeus on Ae.er eoty¬ 
ledons labeled C. acerina Ilartig are morfjjikely labeled correctly except that 
the fungus now b(*(*,omes (^cnfrospora acrrina (Hartig) n. comb. 

The ability of this fungus to live in the soil, to attack a ratliei* wid(‘ 
variety of iiosts, and to gi-ow at low temperatures suggest that it might 
become a serious ])athogeji wej*e it not for the fact that the conidia are (‘xact- 
ingin the (‘onditions re<|uisite for theii* formation and they are )iot very long- 
lived. The fungus seems to be most troublesome in situations where liigdi 
humidities, high soil moistures, and temj>eratures below (>5'' F. ])revail over 
long periods, in other words in a maritime climate.—A. (1. Xewhall. De]»art- 
ment of Plant Pathology, (V^ruell rni\ersity. Ithaca. X(*w York. 



SPINDLING OR HAIR SPROUT OP POTATO 


W I L 1.1 A M C . S N Y D K R , H . E A R L T H 0 M A S , AND 
S . J . F A I R (’ H I L D 

(Accepted for publication June 16, 1946) 

When potato tubers {Solamttn tvhernsium L.) produce s^proiits that are 
slenderer and ^veaker than normal, the disorder is generally referred to as 
spindling sprout or hair sprout, depending upon the severity of the symp¬ 
tom. Although various causes, especially a virus (9, 25), have been sug¬ 
gested during the past 80 or 40 years, the nature of much of the spindling 
sjirout that occurs today remains obscure (12). 

Ill 1942, an outbreak occurred in plantings of the White Rose variety of 
jiotato along th(' coast of California. The findings reported here on the 
nature of siundling sprout are a result of investigations initiated then. 
They apply, hoAvever, only to the disease as it has occurred along the Cali¬ 
fornia coast, siiK'e no study has been made of spindling-sprout tubers from 
other regions. 

K(‘onomie loss from spindling sprout r<‘sults from the failure of affected 
planting stock to give good stands, and the failure of plants from affected 
stock to produce satisfactory yields. 

SYMeTO.MS 

Afftvted uncut tubers sprout prematurely, though seldom—in California 
—immediately after harvt'St. Most of the eyes of such tubers produce 
siirouts varying from slightly longer and nK)re slender than normal to 
threadlike gnnvtlis (Fig. 1) up to a foot or more in length. Tubers about 
till* si/e of a pea or smaller may be formed at the tij) or elsewhere on the 
spindly s])rout. Severely affected tubers often fail to sj)rout. Diseased 
tubers are somi'what brittle and are low in stai-ch and specific gravity. 
Similarly affected tubers in Minne-sota are re])orted (11 ) to be high in re¬ 
ducing sugar and total sugar and low in dry weight. The dift'ereiices are 
not sufficiently great, however, to permit seiiaration of affected and healthy 
tubers with certainty before sj)routii)g. 

EVIDENri: AS TO TJIK CArSE OF SFJXDLIXG SPROUT 

Spindling sprout has been attributed, at least tentatively, to hot, dry 
weather of the prei'cding growijig seasoji, Fusarium wilt infection, infec¬ 
tion by the leaf roll, witches’ broom, aster yellows or some other virus, faulty 
storage conditions, purple top, or some other less tangible cause (2, 3, 5, 
6, 8, 13, 14, 15, 16, 17, 18, 19, 21, 28, 29). 

Several workers (11, 17, 20) have used grafting as a means to deter- 
iniiic whether spindling sprout is caused by a virus. The results have been, 
on the whole, adverse to such a conclusion. 

However, in order to te.st further the hypothesis that the spindling sprout 

8t)7 
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ill California might be cfaused by a virus, several attempts were made to 
transmit the disease by grafting. Sprouted eyes from healthy tubers were 
replaced with eyes from si)ronted diseased tubers, and vice versa. Also, 
spindling sprouts on diseased tubers were inarched to normal sprouts on 
healthy tubers. In jione of tiiese experiments did any cJiange develop in 
the grafted parts or in the sprouts from undisturbed eyes of tubers. 



Pio. 1. SprouU-d tubers from i)lant not infested (left) und infested (right) with 
psylhds in the gieenhoiise. 


Diseased and healthy tubers were planted in greenhouse and fndd to de¬ 
termine if virus symptoms could be detected in the plants grown from such 
seed or in their progenies. A commercial seed sto(^k of White Kosc was 
secured which w'as knowui to contain a considerable number of affected 
tubers. I ncut tubers were held at room temperature until sprouting was 
well advanced, thcji separated into lots with normal and spindling sprouts. 
The tubers were cut into seed pieces with one sprout each and 20 hills of 
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each lot were planted in the field near ]^»erke]ey. All sprouts were held up¬ 
right and were protected from damage while the soil was placed around 
them. 

As soon as the spindling sprouts started to produce their own roots they 
began to lose their spindly characteristic. The api(*al portioji of the sprouts 
thickened and soon after emergence the spindling sprouts closely resembled 
healthy sprouts. They were slower than normal sprouts, however, to ap- 
l>ear above ground. This was in striking contrast to the growth of the 
sprouts in the laboratoiy Avherc* roots were absent and all nutrition was 
supplied by the seed piece. Without functional roots the spindling si)routs 
maint.aine*d a rath(*r uniform diameter whether the growth was 2 inches or 
2 feet in length. With functional roots, the spindling sprout, now an un¬ 
derground stem, eventually ceased to behave as a spindling sprout. 

The foliage from these 2 lots of tubers was in every way comparable in 
a[)p(iarance and in freedom from virus symjdoins. The yield from the 
spindling sprout seed was about oiie-lialf that from the healthy seed. Tu¬ 
bers from these two lots wen^ harvested and the ])rogony from each plant 
ke]U sei>arate for a syn-outing test. All j)rogeny s})routed normally ir- 
rt'spective of wheth(*r they were derived originally from spindling sprout or 
normal tubers. These tubers were th<*n rt'planted. Tin* resulting plants 
Avere indistinguishable in api>earance or \n yield. 

A smaller test of tlie same kind carried out in the greenhouse and two 
othei* field t<‘.sts later gav(* similar results. For example, in one field test 
the yield from 10 blo(d\s of normal seed potatoes cojitaining an average of 
18 hills j)er block Avas 2(>().r) pounds, Avhereas that from 10 blocks of spin¬ 
dling-sprout seed potatoes containing an average of 14 hills j)er block was 
127.5 pounds. The avmage yield per hill A\’as 1.5 pounds for normal seed 
potatO(‘s and 0.8 pounds for spindling-sprout seed potatoes, lii compar¬ 
ing these yiedds the reduction in stand obtained from the s|>indling-s])rout 
seed and the resulting differenee in spaciugs between hills must be taken 
into aeeount. 

All evidence gained from these tests snx)ports the vieAv that the spindling 
si)ront studied is not caused by a virus. Spindling sprout Avas not traus- 
mitted to the progeny of plants grown from spindling-sprout seed, nor ar- 
tifieially by grafting. Furthermore, these tests shoA\’ed that spindling 
sprout is ar temporarily abnormal condition, recoverx' from AA’liich begins 
as soon as the diseasi'd s])routs strike roots into the soil. 

Toxin Indicated as a (\n(sc. Since all available evidenee was against 
a \drus cause for the 1942 outbreak of spindling sprout in (California and 
since no organism Avas found consistently associated Avith alTeeted tubers, 
a toxic substance in tln‘ tuber itself Avas suspected. This hypothesis im¬ 
mediately suggested a possible relationship of spindling sprout to psyllid 
yelloAvs, caused by Paratrioza coclccrelli Snlo. 

In their paper on psyllid yelloAvs of yiotato Richards and Rlood (21) 
state that '‘tubers seldom reach marketable size and may sprout directly 
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without going into a rest period.” They do not discuss the character of 
sprouting in tubers from psyllid infested plants, but state that the psyllid 
yellows disease is not tuber transmitted. Hartman (10) also observed in 
W.A'oming that tubers from psyllid infested plants fail to go through a 
normal rest period and tend to sprout much earlier than normal tubers. 
Schaal (24) prepared an extract from crushed psyllids and injected it into 
potato plants. Not only did he report symptoms of ])sylli(l yellows in the 
tops of these injected plants but noted that the tubers thei*efrom developed 
sprouts that were at first spindling. ^Schaal also made the incidental ob¬ 
servation that psyllid infested plants produce tubers that give rise to nor¬ 
mal plants except for spindly stems. That seed tubers from plants with 
severe vine injury caused by psyllids may develop weak stems and result 
in poor yields was shown also by Edmundson (6). 

Ejrperimcntally Induced Spindliiuj Sprout, In two greenhouse tests 
where a group of potato plants was intentionally infested with psyllids 
while another group was kept for controls, mild symptoms of si)indling 
sprout were obtained when the tubers harvested from the infested ])lants 
had sprouted. Although well over a huiulred psyllids were colonized on 
the infested plants, the work was done in the winter under poor light and 
even the foliage had very mild symptoms. Ilowever. since in tlu*se tests 
the noninfested controls produced only tubers that s])routed normally, the 
tendency for tubers from psyllid plants to produce si)indly sprouts ap¬ 
peared significant. Moreover, a few tubei-s' from this experiment <le- 
veloped typical spindling sprout. 

In another exp<'riment, 14 healthy potato plants of the White Rose 
variety were grown in 5-gallon cans in the greenhouse until tub(»rs 1 to 2 
inches long had set. Populations of over a hundred psyllids were at that 
time established on each of 7 plants. All plants were then moved out¬ 
doors into full summer sunlight, the controls being separated from the in¬ 
fested plants by a greenhouse. Tyjiieal, severe i)«ylli<l yellows symptoms 
appeaz'ed on the infested plants and the controls remained free fi'om in¬ 
festation.. ’ 

The tubers were harvested separately from eaeli plant and stored at 
room temperature until sprouted. Results are illustrated in figure 2. One 
or more tubers from each of the infested plants develox>ed typical spin¬ 
dling sprout. Some tubers from infested plants never sprouted. Those 
which put forth sprouts did so well in advance of the tubers from tlie 
cohtrols, arid from more eyes per tuber. Everj^ tuber from the control 
plants produced oue to several normal sprouts. Thi) resemblance of the 
spindling sprouts induced in this experiment to those obtained originally 
from the field or to those illustrated elsewhere (8, 11, 12, 14, 20, 28) is 
striking. 

Before discarding the tubers from this experiment they were cut. 
Those harvested from psyllid-infested plants showed not only spindling 
sprout but also an internal browning resembling that reported by Sanford 
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Fig. 2. Sprouted progeny from 6 nouinfcsted plants (top) and 6 plants heavily 
infested (liottom) with psyllids, under outdoor conditions. Some affected tubers failed 
to .sprout. 
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(23). Tl^s^Observations (27) confirm the suggestion that an infestation 
of the pjpto plant with psj^llids may result in an internal necrosis of the 
tubers. ^ 

In another experiment an outdoor planting was made in midsummer 
and all plants were caged individually before plant emergence. To one 
group of plants, psyllids were introduced 2 months later. A second 
grouj) was left jionhifested for controls. A third grouj:) was infested with 
psyllids and at the same time the soil was inoculated with Famrium oxy- 
sporum f. t'lihcrosi Snyder and Hansen, f fourth group was ijioculated with 
the Fusarium but not infested with psyllids. The result was that the prog¬ 
eny from all plants infested Avith psyllids developed typical spindling 
sprouts whether Fusarhim was present or not, while all tubers from plants 
without psyllids sprouted normally. 

DJSri^SSTON 

Evidence presented here confirms the work of Schultz (26), Parris and 
Jones (20), and Harvey ct ah (11) on one hand, and tliat of Rif'hards and 
Blood (21), Hartman (10), and Schaal (24) on the other, that neither 
spindling sprout nor psyllid yellow’s is tuber transmitted. No involvement 
of a virus has been indicated in either case. Tiiat it is a toxii* i)rineip]e 
from the psyllid that produces both the foliage symj)toms knowui as psyllid 
yellows and the symptom knowm as s])indliug sprout is supported by 
S(*haa]’s (24) experiment in whicdi he injected an acjueous filtrate of 
crushed psyllids into the potato plant. 

Spindling sprout has b(‘en sporadic in its ax)pearance, as have stwcu'c 
infestations of psyllids. ]\vllids have* been reported from Utah, Arizona, 
New’ Mexico, California, Washington, Oregon, Idaho, Montana, South 
Dakota, North Dakota, Kansas, Nebraska, and w’(‘stern Canada (10). Sinee 
psyllids are not cons]»j(uious ou a potato j>lant it is.i)ossible that a search 
may reveal their presence in still other jiotato-giowing statt\s. B(*latively 
small numbers of psyllids on plants approaching maturity are ])rol)ably 
sufficient in most cases to induce spindling s})rout of the tubers. 

It is possible that a toxicogenic insect other than psyllids may be re¬ 
sponsible for non-virus spindling sprout in those regions wdierc psyllids do 
not oc(mr on the i)otato plant. If so, observations on the occurrence of 
spindling sprout in eastern states (1, 2, 8, 14, 28) would indieate an 
insect favored by a hot, dry growing season. In Iowa it h<as }>een o])st‘rved 
(13) that more hair s])rout has appeared in seasons immediately following 
years of severe purple top. This suggests that spindling sprout is a symp- 
tem of purple top as well as of psyllid yellows. 

The pirevention of spindling or hair sprout, wiiere Ctiused by the to¬ 
mato i)syllid, w’ould be the same as that already worked out for psyllid 
yellows, namely, the fnwpient applications of sulphur dusts or si)rays (4, 
10, 22). In fact, recognition thal x)syl]id infestations may result in the 
formation of spindling sprouts in the progeny provides aii additional reason 
for psyllid control pra(itices in seed potato regions. 
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SUMMARY 

Artificial infestations of potato plants with psyllids under controlled 
conditions have shown that typical spindling sprout or hair sprout may be 
a symptom of jjsyllid yellows, wdien psyllids are present on plants ap¬ 
proaching maturity. 

The form of spindling sprout studied is not tuber transmitted, nor is 
there any evidence of the involvement of a virus. 

There is no tend(Micy for sprouts to grow out of the spindling sprout 
condition as long as all sprout growth is sustained by the tuber. Spindling 
sprouts that iiave struck roots into soil begin to grow normally. 

The A'ield from spindling-sprout tubers was approximately one-half 
that from noi-mal sprouting seed. The second generation from spindling- 
sprout tubers fully recovered from all spindling-sprout symptoms and 
yielded normally. 

Severely affected tubers may fail to sprout. 

Internal necrosis in tubers affected with spindling sprout was observed 
ill OIK* exfieriment in which the tubers were stored for several months. 

The relation between spindling sprout and psyllid yellows makes 
doubly important the application of control practices against psyllids, es¬ 
pecially in areas where se(‘d potatoes are produced. 

Division ok Plant Pathology, 

Pniveusitv ok Palikok.nia, 

Pkrkklkv. and 

Mktti.kr 1ii:si:ak(.tt Lauoratory, 

Santa ^Mahia, Oalikoknia 
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BLACK ROT OP MUSCADINE GRAPES' 


E . S . L U T T R E L L 
(Accepted for publication July 10, 1946) 

Bladv rot, a widespread and destructive disease ol* bunch grapes, is also 
a (M)nnnoii disease of muscadine grapes, Vitis rotundifolia Michx. On mus¬ 
cadine grapes it is primarily a disease of the vegetative parts; while on 
bunch grapes it is primarily a disease of the fruit, mummifying the berries 
and olteji destroying a large part of the crop. In addition to differences 
in symptoms and in amount of damage to the crop the black rot disease of 
muscadin(‘ grapes <lif1*ei*s from tliat of bunch grapes in etiology. The dis¬ 
ease as it occurs on muscadine grapes has, however, received only incidental 
consi<leration, although a great amount of work has been done on black rot 
of bunch grapes. Since tin? muscadine grapes are now becoming of in¬ 
creased economic im[)ortance, it seems desirable to present an account of 
work done during the j)ast four years at the Georgia Experiment Station on 
th(‘ symi)toms, etiology, ajul control of the blac'k rot disease on these grai)es 
and to atteiii])! an estimate of the effect this disease may have upon the 
prodiK'tion of the crop in the future. 

SYMPTOxMS 

Black rot is eoiiimon in muscadine vinej^ards in Georgia throughout the 
growing season. In faid, from April to late August, it is the only disease 
of any impoi-tam'c found in these vineyards. Other diseases beeome prev¬ 
alent only toward the end of August as the berries aj)proaeli matu^ry. 
Angular leaf spot (Jl) tlien appears on the foliage, and bitter rot and va¬ 
rious ripe rots develo]) oji the maturing berries. All of these diseases may 
be easily disfinguisluMl from black rot. Nevertheless, beeause of the super- 
fieial nvsemblauee ot‘ bitter-rot berry mummies to the berry mummies ]f»ro- 
duced by black rot on bunch grapes, bitter rot and black rot of muscadine 
grapes have sometimes Ihmmj eoufused by growers. The two diseases should 
be distinguished, however, as black rot usually causes only a scab or canker 
of muscadine berries, while hitter rot reduces the berries to shriveled black 
mummies. 

On Leaves. Tin* first symptoms of black rot are leaf spots which ap¬ 
pear almost invariably each year about four weeks after the shoots begin 
their annual growth. The spots appear suddenly throughout the vineyard 
and attain their full size almost as soon as they become evident. They are 

1 Paper No. 149, .lounial Scries, Georgia Experiment Station, Experiment, Georgia. 

Work on diseases of muscadine grapes was turned over to me. in October, 194-, by 
Dr. K. H. Garren. Dr. F. .F. Cowart, Ilortieulture l>epartmcnt, Georgia Exj)eriment 
Station, has eollaborat(Ml on this project to the extent of applying sprays in experiments 
on control and furnishing data on yields. 

I am indebted to Dr. 13. B. Higgins, Dr. F. F. Cowart, Dr. K. H. Garren, Georgia 
Experiment Station, Dr. J. Jj. Weimer, Bureau of Plant Industry, and Dr. Frederick A. 
Wolf, Duke University, for their criticisms of the manuscript and to Mr. J. G. Futral for 
taking the photograph reproduced in figure 11, B. 
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Fl0. 3. A. Black-rot spots on lesivcs of a muscadine grape; ujiper four leaves from 
the upper surface, lower three leav(>s from the lower surface; xg- B. Black-rot stem tip 
bl^ht of a muscadine grape shoot; x i. 
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first noticeable as faint blanched areas in the leaf blade. ^The green color 
of the infected tissue fades; and the spots become cream-colpred, the color 
gradually deepening to tan and ultimately-on the upper surface to ^‘eddish- 
brown. They arc usually bordered by a narrow band of dirk brown tissue. 
Pyenidia develop witliin two or three days on both surfaces of the leaf. 
When mature they appear as small black x>imples in the dead brown tissue 
of the spots. The spots are circniaj* and vary in diameter from less than 
one to 12 mm. (Fig. 1). Large spots may coalesce and kill a large part or 
all of the leaf blade (Fig. 1). Infection of major veins also may result in 
the death of large an*as of the leaf (Fig. 1). Mature leaves are not infected. 

Petioles may bei-oiiK* infe(‘ted at the same time as the leaf blades. 
Elither one to several small, scabby, flat or slightly elevated black lesions 
or larger, (h^pressed cankers develop in the petioles. Small lesions ap- 
])ar<‘ntly do not interfere with the functioning of the i)etiole, but large can- 
k(‘rs may girdle the petiole and kill the entire leaf (Fig. 2, A). 

Ijifeetion of immature leaves continues to occur during periods of 
favorable weather throughout the seasoii until growth of the vines ceases 
in late fall. Gejierally, how(*ver, black rot causes little defoliation. 

On Stems, Infeidion of the stems just back of the growing tip ck?- 
curs througJiout the growing season. Either small, black, scabby lesions 
(Fig. 2, A) or elongated, black, depressed cankers (Fig. 2, B) are pro¬ 
duced ill the sin‘fac(* of the stem. Numerous cankers sometimes cause a 
blight of the growing tips of the shoots. The stern becomes blackened and 
dies, the leaves drop otT, and the tip of tJie stem curves back to form a crook 
(Fig. 1, B). Stem tip blight is especially common after periods of moist 
weather in spring. Like the stems, tendrils may be more or less covered 
Avith cankers or even kilI<Ml. 

On FUnver (lusters. Black rot also affects the flower clusters. Cankers 
similar to those on tlie ])etioles appear on the peduncles and pedicels (Fig. 
2, A I. Small cankiU-N apparently cause little damage, but more extensive 
(*ankers may kill a iiortion or all of the cluster (Fig. 2, A). Blight occui’S 
(diietly on tiu* lirsT flower (dusters produced in the spring. Those formed 
later in the st»ason are randy blighted. Moreover, the cankers apparently 
do not spr(‘ad in the ])edicids and peduncles which survive infection. 

On Berries. On most varieties of muscadine grape only one to several 
.small, black, superfitdal, si'abby lesions one to two mm. in diameter are 
formed in the skin of the berry (Fig. 2, A, row 8, No. 2~5). Occasionally, 
i^spccially on the DaAvn variety, the scabs may coalesce to form a browm to 
black mosaic-like crust covering a large part of the surfa(*-e of the berry 
(Fig. 8, A, row 8, No. 1). Cankers up to 10 mm. in diameter may be 
produced on the berries of the most susceptible varieties (Pig. 3, A, row 2, 
No. 6-7). The skin often splits at the periphery of these cankers, exposing 
a band of brownish coiky tissue Avhich forms a border around the canker. 
The surface of the canker is cracked and fissured and is roughened W’ith 
embedded pyenidia. Infection takes place on the immature berries from 
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the time they are set until they approaeli full size. The lesions do not 
spread in mature berries, and these dry, superficial scabs and cankers 
usually do not cause the berries to drop. 
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1* IQ. 3. A. 7^1ack-rot blossom bJiubt of a iiinscaCiiio jirajm. Hcvoral peduncle 
cankers arc on the flower cluster at the left. The two flowttr clusters on the stem at the 
right are entirely bUghted. The loaf at the right is also blighted as the result of severe 
paTikf-rs on the petiole; x 3. B. Black-rot. cankers on the atc*in of a nuiseadino grape; x IJ. 

Black rot does, howet'cr, cause a small amount of berry drop on the 
most susceptible varieties such as Hunt and November in seasons that are 
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Fig. A. Hlut'k rot scabs and cankers on muscadine berries. Row 1, left to right, 
a series of berries of the 11 lint variety showing the deveiopmont of a severe canker: the 
three berries on tin* right had dropped from the vine; the berry on the extreme right is 
sectioned to show the deep canker extending inward to tin* seed. Row 2, berries 1-5, 
berries of the Hunt variety showing the formation of a shriveled ‘‘raisin'* resulting from 
the di'velopmeiit of a canker at the point of attachment to the pedicel; these shriveled 
biwries were clinging to the vine; berries 6 and 7, large cankers on berries of the same 
variety. Row 3, berry 1, a berry of the Dawn variety showing a mosaic-like crust result¬ 
ing from infection with black rot; berries 2-0, superficial scabs on the surface of Hunt 
berries; the berry at the extreme right has been sectioned, x 1. 

R. Guicfiiardia hUlwcUri in culture tubes on 3 per cent malt agar; all colonics arc the 
same age; left to right, G, hidweUii var. nuiscadinii isolated from ascosporcs from a 
museadiiio grape leaf, G. bidwdlii isolated from ascosporcs from berry mummies of a 
Warren bunch grape, of Vitis rivifvra, and of an unknown variety of eastern bunch 
grape, x 1. 
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especialfavorable to the development of the disease. Then large, de¬ 
pressed cankers that extend inward to the seed may form on some berries 
(Fig. 3, row 1). These berries shrivel slightly and fall from the vines. 
C-ankers also may form on the berry close to the point of attachment to 
the petlicel and interfere with eondnetion ijito the berry (Fig. 3, A, row 2, 
No. 1-0). SiK'li berries shrivel and may either cling to the i)edicel or fall 
to the ground. The shriveled berry ap])ears to be a raisin produced by 
desiccation rather than a mummy resulting from invasion of the berry by 
the fungus. The canker does not spread, and^he berry becomes reddish or 
brown ratlier than black. Any drop of the berries resulting from their in¬ 
fection with black j*ot occuirs when the berrit's are immature. This disease 
does not cause a drop of mature berries. 

VAKlKTATi SUSCKPTInil jITV 

Observations in a variety vineyard at the Oeorgia Experiment Station 
indicated that there Avas considerable variation in susceptibility to black rot 
among the muscadine grape varietit‘s represented. These observations were 
tested by counting infected leaves and berries on 16 nametl and 8 unnamed 
varieties, (founts Aveee mad(* just before harvest on live shoots on each 
of two vines in 1943 and on five shoots on each of four vines in 1944. The 
number of leavers fallen, the number of remaining leavers inf(*cted, the num¬ 
ber of sj)ots on ea(ih infected leaf, the number of cankers on each stern, the 
number of berries, and the number of berries iidected were recorded for each 
shoot. Since tliere Avas only a small amount of defoliation and black rot 
AA’as the only disease on the leaves up to liarvest time, the number of fallen 
leaves Avas included with the number of leaves infected. The best criteria 
of susceptibility s(*em to be percentage of berry infection and percentage of 
leaf infection plus defoliation. ITpon the basis of these two criteria the 
A^arieties may be sejiarated into three general groups and classifii^d as being 
very susceptible, of interm(*diate suM*eptibility, or resistant. 

Upon the basis of berry infection, the varieties November, JIoAvard, and 
Hunt were very susceptible. (24 18 per cent infection); DaAvn,' (Ve(‘k, 
Thomas, Scuppernong, Spalding, and LaSalle were interm(‘diate (11-3.5 per 
(;mit infection) ; mid Stuckey, llroAvnie, Inicida, Lig Boy, Irene, Dulcet, and 
Yuga were resistant (2-0.35 per cent infection). These results on suscep¬ 
tibility of berries were checked in 1945, a season in Aviiich diseases were 
exceptionally severe, by making counts on several of the most susceptible 
and the most resistant varieties. Fifty berry clusters on each of two vines 
of each variety Avere counted, and the percentage of berries infected was 
recorded The results Avere as follows: Hunt, 861 berries—29.27 per cent 
infected; Howard, 494 berries—16.60 per cent infected; Dawn, 500 berries 
—14.40 per cent infected ; Thomas, 776 berries—1.16 per eent infected; and 
Dulcet, 825 berries—0.24 per cent infected. The berries of j*esistant varie¬ 
ties, when they are iiifi^eted, usually bear only small, superficial scabs; 
wiiile the berries of susceptible A^arioties are often severely cankered. This 
difference in severity of eankers was demonstrated in 1945 by collecting’ 
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at weekly intervals from the first of August until after harvest all of the 
berries that fell to the ground from two vines of each variety and re¬ 
cording the i>er(*,entage of fallen berries that dropped because of black-rot 
cankers. Berry drop was severe on all varieties, but little of it was caused 
by black-rot berry (*,ankers. Cankers caused berry drop on only six varie¬ 
ties, three of which were those classed as very susceptible. The percentages 
of fallen berries that dropped because of black-rot cankers are as follows: 
November, 2.114; Hunt, 2.20; Howard, 0.72; Creek, 0.24; Dawn, 0.18; and 
Spalding, 0.17. 

r])on the basis of leaf infection jdus defoliation Stuckey, Dawn, llow^ard, 
Scuppernong, IjaSallc, November, and Hunt were very susceptible (70-60 
j)er cent inf<‘ction) ; Brownie, Spalding, Big Boy, Lucida, Yuga, Creek, and 
Irene wer(‘ iiiti'rmediate (09-50 jier cent infection) ; and Dulcet and Thomas 
weie resistant (40 ‘17 per cent infectitm). While the majority of the vari¬ 
eties are resistant to iidection of the berries, most of them are susceptible 
to infection of the leaves. Furthermore, resistance of the berries is not 
necessarily (‘orn'lated with resistance of the foliage. For example, the 
Stnck(\v vari(dy, whose berries are r(*sistant, has extremely susceptible 
foliage. 

Fi)on the l)asis of both leaf infection and berry infection Dulcet seems 
to be the most resistant of these 16 varieties. Thomas, Yuga, Irene, and 
Big Boy also show a considerable degree of resistance. Nov<nnber, Howard, 
{ind Hunt apj)ear to ])e tlu* most susceptible varieties. 

IMPORTANCE 

Exact data on the (*tfe(d of black rot on vegetative i)arts of muscadine 
grai)es could be ol)tained only by comparing yields of infected vines with 
yiehls of vine's on which the disease w^as completely controlled. Control of 
tlie disease* on vegetative ])arts has, however, proved too difficult to make 
pt>ssibl(* such a comi)arison. In the absence of these data only an estimate 
of tlie impoi’tance of the black-rot disease can be made. Although the per¬ 
centage of leaves remaining at harvest time on the vines which are infected 
is high in all varieties, varying from ‘l‘l ])er cent on Thomas to 65 per 
cent on Stuckey, the amount of defoliation, not all of which can be attri¬ 
buted to black rot, is low\ On most varieties it is less tliau 10 per cent. On 
Thomas and Dulcet it is approximately 6 per cent, and on Yuga and Creek 
it is approxiinately 4 per cent. Exceptions are Stuckey and Scuppernong 
with 18 and 17 per cent defoliation, respectively. Although a great many 
leaves are diseased, such loaves generally continue functional. On all 
varieties the proportion of stems infected averages 6J1 per cent. Only 2 per 
cent of the steins an* bliglitc'd at the tijis, how-ever; and axillary b\ids cou- 
tiinie the growth of blighted shoots almost immediately. In view^ of the 
fact that muscadine grap(*s are extremely vigorous, prodiu'ing an excess of 
vegetative grow'th, it seems improbable that either the reduction in func¬ 
tional leaf area as a result of spotting or the small amount of stem’tip 
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blight is of much importance in a proi)erly managed vineyard. Only 
Stuckey and possibly Scuppernong, on which there is a great amount of leaf 
infection and a considerable amount of defoliation, appear to bi^ affected 
by tlie pres(‘nce of black rot on the vegetative pa rts. 

Blossom blight appears to be of more importance than leaf infection 
although here again, since control has not been obtained, no exact data on 
its influence on yield are aA’^ailable. lilossom blight is occasionally severe 
on the first flowin' clusters formed in the spring. There is little blossom 
blight lat(*r in the season. Since muscadine grap.;,s bloom over a long 
period, it is possible that fruit set late will compensate for that lost as a 
result of blight of the flower clusters early in the spring. But, ev(‘n so, 
severe blossom blight results in irregular ripening of the crop, and this is 
objectionable because it increases the cost of harvesting. 

Oil most varieties berry infection is negligible. Beri*y infection must 
be considered, however, because Hunt, the variety of gi-eatest promise for 
commercial growers, is one of the most sus(*ep1ible varieties. Infection of 
Hunt berries may be as high as per cent, and the cankers may be severe 
enough to cause the berries to drop. Even on Hunt, howi^yer, berry drop re¬ 
sulting from infection with black rot is of little im])ortance. In IfHo thirty- 
five per cent of the crop on Hunt vines in th(‘ Experiment Station variety 
vineyard dropi)ed to the grouinl. Bitter rot, thi^ most im])ortant single 
factor, accounted for nS per cent of this droj). Blaek-rot (*ankers on the 
berries were responsibh' for only 2 per cent of it. This represcnits only 0.4 lb. 
lost because of black rot of a total potential yield of 79 lb. per viim. Since 
black-rot cankers do not s])read in mature tissue, it is improbable that 
cankers on the pedicels were responsibh^ for any eonsid(Table amount of 
the berry drop. Black rot is, therefore, considered of little im])ortance in 
reducing yields. This is illustrated by the results from spi*aying. In 
1943 counts of infected berries on Hunt vines showed that 30.7 ])er cent 
of the berries were infected on unsprayed vines, while only 14.69 i)er cent 
were infected on sprayed vines. This reduction of approximately 50 ]ier 
cent in amount of infection was not, however, reflected in increas(*d yields. 
On both the sprayed and the nnsprayed vines the average yield was 48 lb. 
per vine. The belief that black rot is not of ])rimary importance in in¬ 
fluencing yield is further substantiated by the fact that, during the past 
six years in the Experiment Station variety vineyard, the Hniit variety 
has produced an average annual yield of 66.17 lb. per vine; while l)nleet, 
the most resistant variety, has produced only 31.17 lb. per vine. 

Black rot does, however, affect the quality of tln^ crop. Although the 
superficial, scabby lesions do not reduce the yield, th(*y damage the ap¬ 
pearance of the fruit. 


ETIOLOGY 

Taxonomy. Observation, first by Dr. B. B. Higgins, of the fact that 
buttcli grape vines growing adjacent to or intertwined with heavily infected 
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muscadine vines often remain free of black rot suggested that the fungus 
associated with black rot of muscadine grapes differs in pathogenicity from 
Guignm'dia bicluwlliif the cause of the disease on bunch grapes. Results of 
inoculation trials have now confirmed this observation. Because this dif¬ 
ference in pathogenicrity is accoinj)anied In' only slight morphological dif¬ 
ferences, the fungus causing black rot of muscadine grapes is described as 
a new form of G. hidtvelUi. 

Guignardia bidwellii f. muscadinii f. nov. 

Status perithecialis: Peril lieciis nigris, anipliigenis, plerumque hypo- 
l)hy]lis, j)unctij*ormibns, i)er totiim folium dispositis, subinnatis, 
sphaeroideis, 61.6-112.0 p (ukhIio. 84.28 p diani., poro praeditis; ascis 
fasciculatis, apara])hysatis, cylindraecis vel clavatis, 36.4-56.0x11.76- 
16.8 p (medio 43.76 x 14.28 p), sessilis vel breve sti])itatis, bitunicatis, octo- 
sporis; ascosporis liyalinis, continuis, obovatis vel oblongis, rectis vel 
plerumque lenitcr inaequalibns, 13.5-17.25x6.0-9.0 p (medio, 14.92 x 
7.24 p), biseriatis vel inordinatis. 

Hab. in Verno in foliis dejectis Viiis rotund,ifoliae Michx., Experiment, 
Georgia. 

Status sf)ermogonicns: Spermogoniis nigris, i)unctiformibus, amphi- 
genis, i)lerumque hypophyllis, cum stromatibus cari)Ogonialibus per totum 
folium dispersis, subinnatis, globosis, 44.8-78.4 p diam., ])oro praeditis; 
spermatiis liyalinis, bacillaribus, ])leruiii(iuc 2.5x1 p, intus lociilo centrali 
efformantis. 

Ilab. in antumno in foliis dejectis Vitis roiundifoliae. 

Status eonidicus: Pyenidiis nigris, piinctiformibus, amphigenis in 
foliis in maculis rufo-brunneis, orbicularibus, 1-12 mm. lat. vel in ramis et 
fruetibus in laesionibns nigris effortmantis, globosis, 58.8-126.0 p diam., 
poro praeditis; pycnos[)oris liyalinis, non-septatis, obovatis, oblongis, vel 
subglobosis, utrimqiie obtusculis, 7.98-13.30x5.32-7.5 p (medio 10.16 x 
6.40 p), ex hyphis brevis intus loculo centrali orinndis. 

Ilab. in verno, acstivo, atque autumno in laesionibns in foliis, ramis, et 
fruetibus vivis Tit is rotundif oliae. 

Collections of type material have been deposited in the Farlow Herbar¬ 
ium, Harvard University, in the Mycological collections of the Bureau of 
Plant Industry, U. S. Department of Agriculture, and in the herbarium of 
the Royal Botanic Garden at Kew, Surrey, England. 

The form muscadinii differs from Guignardia hidiveUii in pathogenicity, 
in appearance and rate of growth of colonies in culture, in the smaller size 
of perithe(iia, and in the slightly larger size of ascospores and pycnospores. 
These differences will be brought out in detail in the following account. 
They are not considered sufficient basis for the erection of a new species or 
variety. 

Morphology, Only the pycnidial stage of Guignardia bidwellii f. mas- 
cadiniiy which belongs in the form genus Phoma, is associated with black- 
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rot lesions on muscadine vines during tlie growing season. Primary in¬ 
fection of the leaves and stems as soon as they emerge from the buds in 
the spring is aceom]dished by aseospores from perilh(*cia on overwintered 
leaves and by pycnospores from cankers on stems infected during the 
previous season. Tlie sj)ores are carried by air currents or raindrops to 
the surface of the new growth where, under suitable moisture conditions, 
they germinate. Although entrance of the germ tubes has not been ob¬ 
served dir(‘ctJy, evidence obtained from inoculations indicates that infection 
takes place through the upper surface of the leaf as readily as through 
the lower surface. Since the upper (^)idermis of tlie leaf is not provided 
with stomata, tlie germ tubes must be capable of penetrating the epidermis 
dii^eetJy. Withiji the leaf the mycelium spj*eads intracellularly through 
the epidermis and mesopliyll without producing externally visible symp¬ 
toms for about three Aveeks. At the end of the incubation period the in¬ 
vaded cells die, j)ro(luciiig the charaideristie black-rot lesions. A similar 
invasion of immatnn' tissue of petioles, stems, huidrils, flower (dusters, and 
berries results in tlu* production of caidcers. Tlie cells of the nn c'clium fill¬ 
ing the dead epidei‘inal cells IxH'ome tlii(*k-walled and dark-c'olored, i)rodu(i- 
ing a black (u-nst over the surface of the (‘anker. On herric^s 1h(‘ infected 
tissue is se[)arated from the la^althy tissm* beneath by layiTs of (*(>rk cells. 

Pyenidia (hwelop ra])idly witliin the l(*sions as tJie inre(de(l tissue dies. 
Th(^ py(njidiun] originates as a spheric-al mass of ])S(‘ii(l()i>areiudiymatoiis 
tissue beiieatli the e])idermis. Within tlie pycnidium a central eaAuty is 
formed, and cells Jining the cavity prodim* short conidioplioirs wliicdi ab- 
strict ])ycnospores from tlieir tips. The ajiex is proAuded with a ])ore 
through AA'hich tJie fiyenosiior s Avhieh uoav fill the cavity are liberated. The 
I)ycnospor(?s are sub-globose, (.>boA"at(% or oblong, hyaline, and n()nsep1at(^ 
TIk^v immediately initiate sccondaiy inleetions. 

The fungus surviAvs the Avinter on inre(d(Ml stems and leav(»s. No spores 
of Gidgnardta hidnudlii f. 'ninscadinii liaAx* beem found on overAvinbTed ber¬ 
ries. This may be because the berri('s, as soon as t]i(*\^ fall to tin* ground, 
are invaded by various fniigi that are more A'igorous sapi*(>])hytc*s. Func¬ 
tional py(‘ni(lia surviA’(^ the winter in cank(n’s on the stems, but these can¬ 
kers are excused by growth of the stems during the Si'coml season. i\vcno- 
spores have also be(Ui found in abundan(*c on infected stems Avhicli Avere 
pruned off* in the fall and loft lying on the ground ()A'(U* winter. 

l^ycnidia on leaves do not siirAuve the wint(M‘, but perithe(ua are ])ro- 
duced alnindantly on 0A"er-A\'intered leaves. After the ]cav(‘s die and fall 
from the vinos at the cud of the groAving s(^‘isoii, the fungus spreads 
throughout the leaf. From Oct(»b('r to I)(iceml)er, spermogouia aud jierithe- 
cial initials develop in tlie dead heaves. The.v ai’e formed over the entire 
surface of the loaf outside of the original lesions. Plxternally spci*mogonia 
are similar to pyenidia ex(*.cpt for their smaller size. The spermogonium 
is composed of a pseudoparcncliymatous Avail surrounding a central cavity 
filled with hyaline, unicellular, bacilliform spcrmatia. The spermatia are 
liberated through a i)ore in the apex of the spermogonium. 
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I\»rithec*ial initials develoj) slif^htly later than spermogonia but are cx- 
lornally indistinguishable from them. They dilTer internally, however, in 
that no eentral cavity is formcMl. The perithecial initial is filled with a 
mass of large, thin-walled, hyaline pseudoparenchymatous cells. Several 
dce])ly-staining carpogonial cells lie in the pseudoijarenchyma within each 
])crithecial initial. From these cells a fasci(‘le of asci is produced in the 
base of tlie (l(‘V(4opijig peritheeium during January. As the asci develop 
tlie j)seudoparen('hyma is crushed and disintegrated leaving a central cavity 
occu])ie<I by the as<*,i. The as<‘Ospores matun» during late March. The ma¬ 
ture i)eritli(‘cium consists of a spherical, dark-colored, j)sendoparenchyma- 
tous wall surrounding a (Mudral cavity containing a fascicle of a])araphy- 
sate asci. At the apex the wall is provided with a ])ore through which the 
ascosp()r(‘s are dischargtNl. Maturt^ asci are sessile or shoi't-stipitate and 
are. cylindrical to clavat(*. Each contains eight biseriately arranged aseo- 
s])ores. The as(*os])oi*es are obovate to oblong, hyaline, and non-septate. 
When tln‘ as(‘i ar(‘ moist(‘ne(l, they discharge their ascospores forcibly one 
after another. Ascospore discharge continues for four or five weeks during 
Api*il and iNlay. 

Guigufirdia hidtrcllH and its form rnuscadinii ditlVr in symptoms pro¬ 
duced on th(* host plants as well as in morphology. Oji bunch grapes in¬ 
fection with (r. bid Will d n'snlts in the complete mummifieation of the ber- 
ri(‘s, whih' on musc^adine graj)es (i. bidirdlli f. }in{seadinii causes only a 
superficial scab or ('anker of th(‘ berries. It is (juite possible, howtwer, that 
this diftereiKH* in symptoms is the result of host reaction. The differences 
in morphology also are slight (Table 1), Perithecia of G. bidwcllii Were 
larger than those of the foiiii 7)}Kscaili)iii, the difference in average diameter 
b(‘ing 62.2 p. Sinc(* p('rith(via of (t. bidwcllii are iDrodueed only on ber- 
rii*s and those of the form untscadinii only on leaves, th(‘ larger size of the 
Iierithecia of (i. bidirdlii may be a result of groAvtli on a j*i<‘her substrate. 
This will not, liowever, exjilain the differein'c in size of ascospores since 
the asi'ospores of the variety wen* 1.4 p longer ami 0.6 p wider than those of 
the spe('i(‘s. Tht*re was litth* diffei*ence in size of pycniilia. The pj^cno- 
spoi’es of the form wi're slightly longer than those of 0 . bidwcllii, the dif- 
f(‘renee b(*ing 1.0 p in average length. A similar difference was apfiarent 
in th(‘ size of ])ycnospores produced on leaves of Vitia vinifcra inoculated 
with the two fungi. On the same host the difference in average length of 
pycnospores was O.S p. 

Growth in Culture. Guignardia bidwcllii L ynuscadinii was obtained 
in culture from ascospores by susjiending pieces of over-wintered musca¬ 
dine leav(\s bearing rnatim* peritheeda fnmi the top of a Petri dish so that 
the ascospores wer(^ discharged upon the agar below. Cultures were ob¬ 
tained also fi*om infe(‘ted tissue of mascadine stems, leaves, and berries hy 
])lanting bits of surface-sterilized tissue cut from the margins of black-rot 
lesions on tapwater agar. Isolates from all sources produced similar colo¬ 
nies on 3 per cent malt agar. The colonies (Fig. 3, B) were slow-growdng. 
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black, hemisphericaJ masses of pleeteiichymatoiis stromatic tissue densely 
covered with ])seiidoparenchymatous pyciiidia. l^yciiospores, produced 
abundantly in these cultures after three to four weeks, were idejitical with 
those found in black-rot lesions on muscadine vines. Pycnospore produc¬ 
tion ceased after several we(‘ks, and no pycnospores were formed in trans¬ 
fers of the orif^inal cultures. In transfers a scanty white mycelium dc- 
velo])ed over the colonies, partially covering the black stromatic mass and 
extending slightly beyond its margin. 

For comparison, (UiitjnariHa hklwellii was isolated from ascospores 
from perithec'ia on over-wintered black-rot berry mummies from the fol¬ 
lowing tJiree different bunch grapes: (1) a European grape near Ckmyers, 
Georgia, (2) an undetermined variety of native grape at the same locality, 
and (2) a Warren grap(‘ near Experiment, Georgia. The isolates from all 
three sour<*(‘s were siiiiilar to one another but different from those of the 
form nntscadinn. On d per cent malt agar the three isolates produced 
more ra|)idly growing colojiies of whiter mycelium which soon became gray 
01 * black at tlit' surface of the medium (Eig. Jl, B). I’ycnidia were scattered 
separatidy in tln^ my(‘elinin. The pycnospores formed in these cultures 
W(*re similar to those formed by (J. hidwcUii f. muscadiniL Pycnospores 
were again produc(‘d in the first transfers from the original cultures, but 
they were not formed in subse(iuent transfers. 

In addition to the ditfercjices in type of colon}'^ formed by Guigmrdia 
bidwdlii and its form musradinii and in rates of growth in culture there 
was a slight (Inference in size of |)ycnospores produced by the two fungi un¬ 
der identical conditions on the same culture medium. The pycnospores of 
G. bidwcllii Viovv 7. o 12.0 6.0-9.0 g (av. 125, 9.17 x 6.97 n) ; those of the 
form iniiscttditiii were 7.80-14.63 x 5.d2-9.‘ll (j (av. 125, 10.09x6.92 g). 
Although there was no difference in width, the pycnospores of G. hidwellii 
f. tnuscadinii exc'eeded those of G. bidwcllii both in maximum length and 
in average length. The difference in maximum length was 2.63 p, while the 
diffei’eiK'e in average hmgth Avas 0.92 p. 

Inocidalious. Inoculation experiments were designed to determine (1) 
the pathogenicity of Guignardia bidwcllii and G. bidwcllii f. miiscadinii on 
several species and varieties of Vitis, (2) the differences in pathogenicity 
betAveen the species and its form, and (3) the genetic connection of the per¬ 
fect and the imp(‘rfe(‘t stages of both fungi All inoculations Avere made in 
the gretmhonse Avh(*ro there Avas no natural infection. The inoculum used 
was suspensions of j)ycnos])ores obtained by macerating pA^cnidia from cul¬ 
tures or from host h^sions in sterile tap Avater. Host material was fur¬ 
nished by small vines groAvn in 6- or 8-inch pots. In making inoculations 
single, vigorously groAving shoots bearing leaves in various stages of develop¬ 
ment were selected. The number of leaves on each shoot and the size of 
each leaf Avere recorded. Drops of inoculum were applied along the stem 
and to each leaf on the shoot. After permitting the drops of inoculum to 
dry, the inoculated plants were placed in a moist chamber for 48 hours. 
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The i)laiits 'were then returned to benehes in the greenhouse and kept un¬ 
der observation for at least one month. Control plajits ineltided in eae.h 
experiment 'v\^ere treated similarly exeept for the fact that they were 3 iot 
inoculated. 

Only the muscadine grape was inoculated with pyenospores from field 
material of Guignardia bidwcllii and G. hidweUii f. muscadinii in July, 1943. 
Six shoots bearing a total of 70 leaves were inoculated with pyenospores of 
6r. hidwcUli f. muscadinii obtained from leaf spots on muscadine vines. All 
six shoots became infected. Leaf spots or petiole cankers or both appeared 
on 31 of the 70 leaves. Five of the .^leaves were killed. Tln‘ stems of two of 
the shoots were cankered, and their l ips were blighted. Eleven control shoots 
with 85 leaves remained free of infection. Eight shoots with 64 leaves were 
inoculated with iiycniospores of G. bidwvUii from leaf spots on a Warren 
bunch grape, and six shoots with 49 leaves were inoculated with i)y(*n()spores 
from leaf spots on an undetei‘inined species of wild bunch grai)e. None be¬ 
came infected. In these exjieriments G. hkiivdlii f. muscadinii produced 
100 ])er e('ut infection on musc'adine shoots; while 6r. Ijidwdlii ])r(>dnced no 
infection on similar shoots. 

During June in 1944 and 1945 more (‘xt(*nsive inoculations with both 
G'uignardia hid well ii and (r. bidwdfii f. mvseadinii were made on four dif¬ 
ferent liosts, (1) k European bunch grape {Vilis vinifera Linn.), (2) a 
mus(‘adine grai^e {V. r(dandifidia), (^3) a Warren bunch grape (F. bon?'- 
qni?ta Munson ex Via la), and (4) a Niagara bunch gra])e (Y. lah?'uscn 
Linn.). Inoculum of G, bidwdfii f. muscadi)iii was a suspension of pycno- 
spores produced in cultures of as(ms])ores from ovor-winterofl mus(*adine 
leaves. Inoculum of (J. bidwdlii was susjiensions of pycnospor(‘s })roduci‘d 
ill cultures of ascospores from over-wintered berries of throe different bunch 
grajies; a Euroj)can, a Warren, and an imdeteruiin(*d variety of native gra]>e. 
Since inoculum of G. bid well ii from these three dilferent sources y)roduced 
similar results, they Avill not ^>e considen'd .sepai'ately. The results of thes(» 
inoculations are in tal)U* 2. During these exi)eriments, the control shoots 
remained free of infection. G. bidwdlii f. miisradi?iii j)roduce(l 100 ])er 
cent infection of muscadine shoots but did not infect Warren or Niagara 
slioots. On the other hand, while (r. bidwdlii infected almost 90 juu* cent 
of the Wari'cn and Niagara shoots, it did not infect muscadine shoots. Both, 
however, y)roducetI 100 per cent infection of vinifera shoots. The two fungi 
were reisolated from J<\sions on the inoculated shoots by planting bits of 
surface-sterilized inf(‘eted tissue on tap-water agar. Both G: bidwdlii and 
the form wnsradinn. were reisolated unchanged from the vinifera grape. 

The incubation period of Guigvardia bidwdlii on all bunch grapes was 
ap])roxiinately two weeks. The incubation jieriod of G. bidwdlii f. musca- 
dinii on muscadine grapes Avas approximately tliree weeks. On the vinifera 
giape, however, its incubation period was two vreeks, the same as that of 
G. bidwdlii. The longer incubation period of the form muscadinii on musca¬ 
dine grapes appears, therefore, to be the result of host reaction, and it does 
not constitute a physiological difference between G. biduudlii and its variety. 
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Tlie low pereentajre of leaf infection (Table 2) may be explained by the 
fact that only immature host tissue is susceptible. If only immature leaves 
were selected for inoculation, the percentaj^e of leaves infected might ap¬ 
proach 100 per cent. For this reason the differences in amount of leaf infec¬ 
tion are not considered significant. They are simply a result of variation 
in the shoots inoculated, young rapidly growing shoots presenting a greater 
proportion of immature susceptible leaves than older shoots. 

On muscadine vines spots appeared only on the first to the seventh leaf 
back of the growing tij). These leaves at the time of inoculation varied from 
tiny leaves not yet expanded to leaves up to 4.7 cm. across. No spots ever 
appeared on larger, more nearly mature leaves farther back from the tip 
of the shoot. Apparently the fungus spread within the leaf tissue without 

TAIUjE li .—licsHlla of inorulalinn trials with Guif/nardia hidwdlii on grapes 
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lU’odiicing any external syni])toins so long as the tissue was immature. As 
the leaf tissue approa<‘hed maturity the extension of the fungus ceased, and 
tile invaded tissue died and a])])eared as a spot in the leaf. The spots, there¬ 
fore, had attained almost their full dimensions Avhen they first appeared and 
did not enlargt* in the mature leaves. For this reason the spots on leaves 
that were young avIkmi inocmlated were large. In leaves that were almost 
mature w hen inoculated the fungus spreaii little, and, consequentl 3 % the spots 
wvre small. Since, however, the older leaves pn‘sented a greattu' surface 
area to the inoculum, the s|)ots on these leaves w'ere numerous. Appai^ently 
petiole tissue remains susceptible longer than leaf-blade tissue. Petiole 
cankers appeared on the first to the eighth leaf back of the growing tip of 
the shoot and on leaves as much as six cm. across at the time of inoculation. 
Severe petiole cankers sometimes resulted in the death of the entire leaf. 
Stem tissue was infected only from the first to the fifth nodes back of the 
growing tip. Occasionally the entire stem tip was blighted. 
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These results dcTuoiistrate that both Guujuardia hidwellH and G, hid- 
wellii f. muscadinil are capable of iiifeetiii}^ leaves and stems of {grapes and 
of producing typical bla(*,k-rot lesions on them arul that only immature host- 
tissue is susceptible to in lection by either organism. They show further that 
there is a difl'erence in pathogenicity between G. hidwcllii and its form. Of 
our native grapes G, bidwcUii attacks only bunch grapes, while the form 
museadinii attacks only muscadine grapes. Both fungi, however, are patho¬ 
genic to the European grape, producing similar symptoms on the leaves and 
stems. The fact that ascospores from pcrithecia on over-wintered leaves or 
berries produce cultures in which tjie pycnidial stage is formed and that 
py(*nospores from these ascospore cultures produce black-rot lesions bearing 
typical pycnidia wdieii inoculated on the leaves and stems of the host demon¬ 
strates the genetic connection of the perlect and imperfc'ct stages of each of 
the two fungi. 

CONTROL 

In order to determine tlie protection against black rot afforded by spray¬ 
ing, experiments were conducted in an a(M*e vineyard of the Hunt variety 
at the (Georgia Experiment Station during tlu' seasons 1942-1944. Half 
of the vineyard was not si)rayed, while the other halt* was given four sprays 
each season. A Ir-d-oO Bordeaux mixture was applied as follows: two 
sprays prior to blooming, one after the fruit was set, and the last when the 
fruit was half grown. Since there was some injury to young foliage, a 
2“3-50 Bordeaux mixture was substituted for the first s])ray. 

Spraying resulted in no im-rease in yields. The average yields i)er vine 
in the sprayed and in the uiisprayed halves of the vineyard were as follows: 
1942, sprayed—51 lb., unsprayed—69 lb.; 1943, s])rayeil—4S lb., uiisprayed— 
48 lb.; 1944, S])rayed—81) lb., unsprayed—84 lb. The average annual yields 
per vine for the thre(!-ycar jicriod were: sprayed—59.7 lb. (average of same 
vines for three years ])rior to test, 61 lb.), unsprayed—67 lb. (avei*agc of 
same vines for three years prior to test, 60 Ib.). 

In order to determine whether spraying reduced the amount of infection 
with black i*ot, even though it did not i-esult in increased yields, counts ^yere 
made in the vineyard immediately before harvest in 1943. Counts were 
made on five shoots on each of 20 vines, that is, on a total of 100 shoots in 
both the sprayed and the uiisprayed halves of tli(» vineyai*d. The results are 
given in table 3. The ap])lieatioii of four sjirays was not very effective in 
reducing the amount of black rot on the vegetative parts. It produced only 
a slight reduetioii in tbe percentage of leaves infected and in the iierceiitage 
of stems cankered. More freipient spraying would jirobably result in a 
greater redindion. It is difficult to keep the foliage covered with spray, how¬ 
ever, because of the rapid growdh of the shoots. For example, the rate of 
growth of the Hunt variety was determined by tagging 25 shoots scattered 
throughout an acre vineyard and measuring the elongation of the stems and 
counting the number of new leaves formed at one- or two-week intervals 
during the 18 weeks from April 11 to August 16, 1945. The weekly rate of 
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growth was fairly uniform ttironghout this period except for the three weeks 
from April 19 to Maj" 9 wlieii unseasonable cold weather retarded growth. 
During the IH weeks, the st<*ms elongated an average of 2.98 in. per week 
and added an average of 2.07 n(*w leaves per week. The most vigorous shoot 
averaged 6.88 in. stem elongation and produced an average of 3.78 new leaves 
per week. Tlie highest rate of growth recorded for any shoot in a single 
week was a stem elongation of 10 iji. with the addition of six new leaves. It 
is obvious that, even if the vines were s])rayed at weekly intervals, a great 
amount of the most susceptible tissue would be exi)Osed to infection shortly 
after eaeli spray was applied. Apparently it would be impossible to obtain 
complete control of black rot by protective spraying in the j)resence of a 
(‘ontinuoLis source of inoculum such as is furnished by unsprayed check rows. 


TATjTjE 3 .—Effect of sprayiiuf on amount of hlark-rot infection on Hunt muscadine 
pro pcs til the Gcortjia Expe rimcnl Station in ISUi 


Data recorded 


No. of shoots 
No, of loaves 

Porcciitago of loaves iiifoctod an<l lost 
Av. no. of spots per iiifoctod leaf 
Porcontago of stems canhorod 
.Av. no. of cankers per infected stem 
No. of fruit clusters 

Porcoiitage of fruit clustms with pedicels iiifoctod 
Av. no. of cankers per infected clustiu* 

Number of berries 

Percentage of berries infected 

Av. no. of cank<*rs piT infected berry 


A’^ines not 
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JOO 
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52.08 

n.o;i 

74.00 

0.7:1 
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18.18 

!.40 

1300 

30.70 

2.84 


Vines 

sprayed 


100 

2159 

49.:}3 

8.25 
66.00 

5.55 

153 

13.14 

1.25 
1108 

16.01 

1.96 


Reduction 

from 

spraying 

Per cent 


6.18 

25.20 

10.81 

17.53 

27.72 

10.71 

47.85 

30.99 


Of course, sin-ayihg an entire isolat(‘d vineyard in conjunction with the 
elimination of neiglilxiring wild vines and enltivated vines Avliich cannot be 
properly eared for, thorough pruning, and the disposal of all litter by burn¬ 
ing during the winter would probably greatly redii(*e the amount of infection 
or even eliminate black rot in the vineyard. 

Although only two of the four si)rays were applied to the berries, these 
two sprays reduced the number of berries infected by approximately 50 per 
cent and also reduced tlie number of scabs and cankers on the infected berries 
by 30 per cent. It seems certain that more frecpient spraying of the berries, 
perhaps at two-week intervals from the lime the benfes arc set until they are 
full size, would give them adequate jiroteetion. Sj)raying the berries is diffi¬ 
cult, however, liecause they are covered by a dense growth of stems and 
leaves. 

DISCUSSION 

Pathogenicity. The results obtained in the inoculation trials reported 
here are of interest because of the disparity in the results obtained by previ¬ 
ous workers. Prior to 1900 several French jmthologists reported studies in 
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which they apparently were able to demonstrate the pathojyenieity of Guiq- 
nardia hidwcUH on biineh grapes as well as the g:eneti(* connection of the 
j)(*rfe(*t and the imperfect stajyes of the funjyus. Viala and Ravaz (10) inocu¬ 
lated berries with pycnospores and produced typical black-rot lesions on 
wiiich pycnospores and later spermoj^onia formed. They also obtained infec¬ 
tion of leaves inoculateil w’ith ascospores from overwintered berries, proving 
the pathoj»‘enicity of G. bidwellii, the genetic connection of the pycnidial and 
perithecial stages of the fungus, and the identity of the fungus on the leaves 
with that on the berries. Prunet (5) obtained infection of leaves by inocu¬ 
lating them with ])ycnos])ores. He ^'bserved the })rocess of infection micro- 
s(*opically and found that the germ \ubes })enetrate the ciiticle directly. He 
discovered that the incubation jxTiod dey)en(ls uj)on weatber conditions and 
that it varies from 22 -2') days in Ai)ril to 10-12 days in July. He also found 
that only young, growling leaves are susceptible. Mature leaves were not 
infected. Leaves that WM*re not cpiite mature when inoculated but matured 
during the incubation period also w’ere not infected. The germ tubes pene¬ 
trated the cuticle of these leaves, but growth of the fungus within the host 
w^as arrested. The sjK)ts usually presented their full dimensions when first 
evident. Soursac (9) later attempted by means of inoculation trials to deter¬ 
mine the relative resistance of various sj)ecies of Vilis, He was abh‘ to ob¬ 
tain infection in the'greenhouse only on V, vinifvra, but his field inoculations 
w<MV sLicct'ssful on a Jiumber of s])ecies ol* r?7/,s‘. Althougli thes(‘ results mmuu 
to be conclusive, Reddick (b) reported that in experiments in \ew' York he 
was unable to obtain proof of tlie ])atbogenieity oT G, hidwtilii on bunt*.h 
grapes although he made thousands (»f inoenlations l)olli indoors and in the 
Held. The results oT my ijiocnlatioii trials ]»rov(' again tin* pathogenieity and 
coinieelion of stages of (t, hidy'rllii on bunch grapes and arc* in eom])]et(* ac¬ 
cord wuth those of Viala and Ravaz, Prunet, and Soursac. They di'iuonslrate 
further the pathogenicity and genetic connection of the perfect and ijnju'r- 
fect stages of G. bidirclin f, niifscadinii on muscadine grapes. It is difficult 
to explain Reddick's failure to obtain infe<*tion with G. bUhvdIii unless his 
inoculations were made on mature tissue. 

Forms of Guiqnordia bidwrllH. The fact that the fungus asso(*iated 
w ith black rot of muscadine gra])es differs in ])atbogenieity from Guhinavdia 
bidwcUuj cause of black rot of bunch grapes, is of practical importance for 
the followdng reason. Since G. bidwellii f. myscadinli do(^s not infect bunch 
grapes, it should be ])Ossible to plant native bunch gra]>es in the vicinity of 
muscadine grapes without danger of the disease spreading from the musca¬ 
dine grapes to the buncli grapes. It should, therefore, be unnecessary to 
make costly attempts to control black rot on the muscadine grapes in order 
to remove a source of inoculum for the infection of the bunch grapes. On 
the other hand, sinee G. bidwellii f. myscadinii will readily infect Vitis 
vinifera^ diseased muscadine vines wmild be a constant tlireai to plantings 
of European grapes in their vicinity. 

The existence of a distinct form of Guignardin bidwellii explains Sour- 
sac^s failure to obtain infection on VUis rotundifoUa. Soursac (9), using 
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inoculum of G, hidwellU from a single source, obtained infection on the fol¬ 
lowing species which are listed in order of increasing resistance: Yitis 
vinifera, V, arizonica Engelm., V. calif arnica Jh^ntham, Y, labrusca, Y, 
rubra Michx., Y. moniicola Buckley, Y. coriacca Shuttleworth, and Y, 
rupcfilris S(*lieele. In another exi)erimont he obtained infection also on 
V. Linrcrumii Buckley, and Y. aestivalis Michx. His inoculations produced 
jio infection on Y. roiundifolia because, as is now evident, Y. rofundifolia 
is susceptible only to G. bidwellH f. muscadmii. 

It seems j)robable that there are other forms of! Guiguardki bidwcllii in 
addition to tiie form mnscadinii. Soursac (9) failed to obtain infection on 
four American s])ecies of bunch graj)e, Vltis riparia Michx., V. cordifolia 
Lam., V. cinerea Engt'lm., and Y. candicans p]ngelm., although black rot has 
been rej)oi*lcd on all four of the.se species (8). This suggests the possibility 
that there are undescribed forms of G. bidwcllii which attack only certain 
s])ecies of l)iinch grapes. Furthermore, black rot has been reported on Vir¬ 
ginia Creeper (Partlicuocissus quinquefolia (L.) Planch.) (1, p. 113R) and 
on Boston ivy (P. iricuspidaia (Sieb. and Zucc.) Planch.) (2) and has been 
found on both of these s})ecies in Georgia. Preliminary inoculation trials 
indicate that the fungus associated with the disease on these two species, 
while it is morphologically .similar to G. bidwcllii, differs in pathogenicity 
f'j’om both G. hiduulUi and G. bidwcllii \\ muscadinii. Further inoculation 
(Experiments will probably demonstrate that this is a distinct form of bid- 
wt'llii which attacks only Parfhenocissus species. 

Importance of Black Rot an Muscadine Grapes, Although black rot is a 
('ommon and cons]>icuous di.sease, it seems to have little dii’cct effect upon 
yi(dd of muscadine grapes. It is difficult to control; and control measures 
beyond good (‘ultural practices (4, 7) such as selection of a suitable vineyard 
site, j)roj)er (‘ultivation, fertili/ation, pruning, and vineyard sanitation would 
hardly be pi’ofitable. Ui)on the basis of pre.seiit evidence spraying cannot be 
recommended for the control of black rot. With ju’oper management good 
crops may be produced in the ])reseuce of this disease williont any special 
measnr(‘s being directed toward its control. 

The only ai)j)re(dable damage resultijig from black rot is the lowering of 
the (juality of the (*rop because of the pre.S('nce of scabs on the berries. This 
is true of only a few varieties among wliich, however, is the most important 
commercial variety, the Hunt. This lowering of rpiality is of little impor¬ 
tance at present because the crop is usually sold in bulk to wineries, and the 
dry, superficial scabs do not interfere with the use of diseased berries for the 
extraction of juice. If the croj) should become important as a fresh or fro/AUi 
fruit for table use, bjack-rot scabs would be objectionable. 

Although there are varieties of good (ptality with resistant foliage and 
with berries that are almost imniunc, such as Dulcet and Thomas, these 
varieties do not yield as well as Hunt, a relatively susceptible variety. At 
present resistatice to black rot is not, therefore, of primary importance in the 
selection of a variety. If, as seems improbable, black rot should become of 
major importance, it is well to know that there are resistant varieties of good 
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quality available. Furthermore, siuee resistance is present in some varie¬ 
ties, it should be possible to combine resistance with high yield and quality 
in future breeding work. 

SUMMARY 

Black rot, a common and conspicuous disease of muscadine grapes (Vitis 
rotimdifolia Michx.), is primarily a disease of the vegetative parts. It causes 
a spot of the leaves, a canker or blight of the petioles, tendrils, stems, and 
flower clusters, and a sui)erficial scab or canker of the bt^rries. It causes little 
defoliation ajid only a negligible amount of berry drop. Black rot has little 
effect on yield and apj)ears to be of 4ninor importance. 

Muscadine varieties vary considerably in degree of susceptibility to black 
rot. Some varieties, such as Dulcet and Thomas, have relatively resistant 
foliage and berries which are almost immune. These vaideties, however, 
l)roduce lower yields than Hunt, one of the most susceptible varieties. 

The fungus associated witli black rot on mus(*,adine grapes differs in 
pathogenicity from Gvif/nardia hidwcllH (Ell.) Viala and Ravaz, cause of 
black rot of bunch grai)es. Only slight morphological <iiffereiicos both 
in culture and in the field are associated with this difference' in pathogenicity. 
The fungus is described, therefore, as a new form, G. bidwclUi L juKscadinii, 
Inoculation trials have shown that of our native grapes G. bidwvlVn attacks 
only bunch grapes, while the form muscadinii attacks only muscadine grapes. 
Both, however, are capable of infecting the European grape, Vitis vinifvra. 
Inoculations have also demonsti'ated tin' genetic coniK'ction of the j)ycnidial 
and perithecial stages of each of these fungi. 

Experiments have produ(*ed no evideiu'c that black rot on muscadine 
grapes can be profitably controlled by spraying. Control measures beyond 
good cultural practices necessary for the maintenance of vigorous growth 
are not recommended. 

Botany Dei^ art .went, 

Glougia Experiment Station, 

Experiment, Georgia. 
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STUDIES ON THE CAUSE OP STEM-END BROWNING IN 
GREEN MOUNTAIN POTATOES 

A. Frank Rossi 
(Aec*.ej)tc(] for publication July 15, 1946) 

The term stem-end brownin" has been applied to a distinct type of inter¬ 
nal discoloralion in tubers of the Green Mountain (Pi«^. 1), Irish Cobbler, 
and a few other less common jmtato varieties. It is characterized by a 
marked necrosis of the xylcTU, j)liloeni, and adjae(*iit parenchyma cells of the 
stem end of the tuber (7). It rarely extends more* than onc-lialf inch beyond 
the stem sear. Very few diseased tubers are found at dif?^dnj>: time but in 
some lots a hij^h ])ercenta*?e of the tubers may develop the abnormality in 
storafre. Maximum developnient is obtained by storin<r for about 100 days 
at50“P, (4,5, 6,11). 



Fui. 1. Stein end Inowiiin^ in Green ^Mountain tubers. (Pbotojjrapli by M. T. 
llil])orn.) 

Folsom and Rich (7) could find no evidence that the disease was caused 
b 3 ' a virus. It has recentl.y been shown, liowever, that in the case of Green 
Mountains the amount of stem-end browninjr in a croj) is definitely related 
to the source of seed or, more specifically, to the commercial strain used (9). 
It was further demonstrated that in this variety tliere are two types of 
strains, differing in the tendency of tubers to develop stem-end browninjr. 
One type consistently ])r()du(*es a low percentage of tubers that develop the 
disease while two to seven times as many tubers of the otlier t.vpe may be 
diseased when grown and stored under identical conditions. Within a given 
strain, all tuber lines are equally predisposed to the disefise. It is the pur¬ 
pose of this report to present data indicating that this difference in behavior 

1 Formerly Biochemist, Mniiie Agricultural Experiment Station, Orono, Maine. 
Present address: department of I’lant Pathtilogy, Cornell University, Ithaca, New York. 
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among strains is apparently due to the presence of a virus, or virus strain, 
in those potato strains that normally produce a crop with a high incidence 
of stem-end browning. 

The words “susceptible’^ and “resistant” as used heroin are relative 
terms and are used to describe differences in tendency or predisposition 
to develop tuber symptoms referred to as stem-end browning. The term 
“Green Mountain strain” is used to differentiate between different com¬ 
mercial strains or growers’ stocks. Although some of these arc knoAvn by 
specific names, it does not necessarily follow that each differs genetically 
from the others. ^ 

EXPERIMENTAL W^ORK 

The Green Mountain variety was used in all experiments. All field ex¬ 
periments were on Aroostook Farm, Presque Isle, Maine, or on an isolated 
seed farm in northern Maine. All tubers were stored at 50° P. for 100 days 
or longer before they were examined for stem-end browning.- The objective 
method described by Folsom and Kieh (7) was used to differentiate stem-end 
browning from net necrosis. 

Serological Tesis. During the early stages of the work, serological tech- 
ni(jue as described by Chester (3) was used in an attempt to detect the 
presence of a virus in tubers with stem-end browning. Some of the anti-sera 
produced would give positive i)recipitin tests with most but iiol all st(*m-ond 
browning tubers and negative tests with most but not all normal tubers. 
The results were oflen errati<^ and at the time no ex])lanation could be given 
for the samples wnth anomalous behavior, consequently the work was discon¬ 
tinued. At the time, the existence of resistant and susceptible strains was 
not realized. Following llic discovery of the different bt^havior of strains, 
the earlier data w'ere re analyzed. It be(*ame clear that when the juice of 
wdjat appeared to be a susce])tible strain had been useil for intraperitoneal 
injection into rabbits and the juice of an ai)parently resistant strain for 
absorption of the serum, the anti-serum thus j>roduced gave positive pre¬ 
cipitin reactions wdtli potatoes selected from api)arently susceptible strains 
and negative tests wulh those from strains that ai)peared to he resistant. In 
the latter case it did not matter whether or not the tuber had developed 
stem-end brownijig. In the former case, both normal and diseased tubers 
gave a positive reaction but the titer was much higher in the (.‘ase of tliosc 
showing stem-end browning. The data were interpreted therefore as indi¬ 
cating cither the presence of a virus in the susceptible strains* but not in the 
resistant ones or the presence of different strains of the same virus in the 
two types of Green Mountain potato. 

Cage Experiments. As most potato viruses arc spread by iusc^cts, a test 
was made of the effect of exclusion of insects on the incidence of stem-end 
browaiing. A field cage'was constructed of aster cloth, half of which w^as 
entirely enclosed, and the other half left open at the sides to simulate the 
conditions inside the cage yet allow entry of insects. Both areas, as well as 

2 Acknowledgment is made to Michael Goven for making the examinations. 
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an adjoining unshaded and uncaged area, were planted with a resistant and 
a susceptible strain in alternate rows. To doubly insure the exclusion of 
insects, the caged plants were sprayed at intervals with nicotine sulphate. 
Half of the shaded rows and half of the unshaded rows were likewise sprayed 
with nicotine. The aphid population of the uncaged and unsprayed rows 
was rather high. The data in table 1 show that the tubers from the caged 
rows developed approximately the same amount of stem-end browning as did 
those from the others. 

TABTjE 1.— stem-end browning in Green Mountain tubers produced under a field 

cage 


Whort^ grown 
in li)43 


Insecticide 
spray, 1943 


Stem-end browning 


1943« 


1944 (field 
planting)** 


Miniie- Keswick 

sota lot strain 


Minne- Keswick 

sota lot strain 


Fields 
1 and 2c 


Field 2‘i 




Per cent 

Per cent 

Per cent 

Per cent 

Cage 

Nicotine sulphate 

4.5 

34.4 

9.3 

40.3 

Shaded area 

Nicotine sulphate 

6.2 

31.3 




No spray 

4.5 

38.6 



Open area 

Nicotine sulphate 

6.3 

25.1 



No spray 

4.7 

30.1 

13.0 

30.3 


» Figures based on 500 to 700 tubers. 

n The 1943 croj) was replanted in 1944 in an open field. Those grown outside the 
cage in 1943 were tuber indexed before planting. Tubers with leaf roll, mosaic, etc., w'ere 
discarded. 

c Averages for 700 or more tubers from each field. Five single rows, each 29 ft. long, 
in Latin Square design, were used in Field 1; numerous small samples planted at random 
were used in Field 2. The figures for Field 2 were 9.5 per cent for the progeny of the 
cage-grown material and 13.8 per cent for the other sample. 

Hee footnote «■ for size of sample. 

Samples were replanted the next year. In the case of the susceptible 
strain, the progeny of the cage-growm samples developed the same amount 
of stem-end brow^ning as did that of the field-grown samples. In the case 
of the other lot, how^wer, the progeny of the cage-grown sami)les produced 
less stem-end browning than did that of field-grown seed. The difference was 
not large and may not have been significctnt. The possible significance of the 
apparent increase will be discussed later. For the present the important 
thing to consider is that tubers of the resistant strain still developed much 
less stem-end browning than did those of the susceptible strain. 

The Effect of Coniinued Tropagation of Resistant Strains in Maine, The 
Green Mountain strain first recognized as being fairly resistant to stem-end 
brow^ning was obtained from Minnesota. Consequently an experiment de¬ 
signed to test the effect of continued propagation of this strain was initiated. 
In 1942, this strain w^as obtained from a grower in Minnesota and propa¬ 
gated the following years either on a seed plot on Aroostook Farm or on an 
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isolated seed farm in Jiorthern Maine. These seed plots were rof^ued and 
harvested early to prevent the spread of leafroll and mosaic. Other lots of 
the strain were planted in ordinary fields and not harvested early but the 
crop was tuber indexed to eliminate leafroll and mosaic. In each of tlie fol¬ 
lowing years, seed was obtained from the same Minnesota grower and com¬ 
pared with the locally propagated seed. Shortly after the recognition of the 
Minnesota lot as a resistant typo, it was discovered that s(3veral resistant 
strains were prevalent in Maijie. These strains have been grown in this State 
for man}" years. Hence, such strains were compared with the Minnesota lot, 
and the data are included in tables 2 and 3. While most of the seed used was 
harvested early, the test plots themselves were not. 


TABLE 2.— Slrm-cnd hrowniuff in in Grrcn Mowntain potato slyains propa¬ 

gated in Maine for various periods 


Ficild 

Strain 

Years groAvn 

Stem-end 

(ir lot 

in Maine 

browning** 

Per een t 

lb 

Minnesota 

First year 

3.5 


Miimcsot a 

First year 

2.4 


Minnesota 

Second vc‘fir 

(i.7 


Keswick 

Many 

20..’) 

2b 

Minnesota 

First year 

1.9 


Minnesota 

S(‘corid yt'ar 

5.S 


Keswick 

Many 

18.5 

3c 

Minnesota 

First year 

20.7 


Minnesota 

Second year 

22.4 


Highmoor 

Many 

lo!;") 


Keswick 

Many 

54.3 

4c 

Minnesota 

First year 

7.5 


Minnesota 

Second year 

9.1 


liighnioor 

Many 

11.3 


Keswick 

Many 

27.8 

Average 

Minnesota 

First year 

7.2 


Minnesota 

St'cond year 

n.o 


Keswick 

Many 

30.3 


a After storage at 50^ V. for 100 davs or more. 

»> Each figure for this fi(dd is the average of 6 siiigU* row plots, each 29 feet long, 
Latin Square design. 


cEach figure for this field is the average of 8 siiigle row plots, each 20 feet long, 
Latin Square design. 


No great change in susceptibility occurred in four years’ time. Further¬ 
more, the figures for the Vermont, Highmoor, and Phillips strains are about 
the same as those for the Minnesota lot with the possible exc.ei)tion of those 
/or the year it was introduced. Since the.se strains have been grown in the 
State as long as or louger than the KcsAvick strain, it appears very probable 
that resistance to stem-end browning is a stable characteristic of those 
strains. The behavior of the Minnesota lot may be a little different. In most 
cases tubers of this lot Imd less stem-end browning the year of introduction 
than did suhseciuent crops. The differences obtained were usually small but 
they were consistent. This suggests that the tendency of this lot to produce 
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stem-end browning? is inereased slightly by propagation in Maine one or two 
years but that it does not inerease after that. The level of susceptibility 
reached in that time ai)))ears to be identical with that of the Highmoor, Ver¬ 
mont, and Phillips strains. The data are insufficient to determine the cause 
of this change, although the data on the cage experiment (Table 1) suggest 
that an insect transmitted agent might be involved. 

1943 Tuber Grafts, Eyeless jdiigs taken from tubers of the Keswick 
strain (No. 8 cork borer) were grafted into tubers of the Minnesota lot (holes 
cut with No. 7 cork borer). The holes w^ere (*ut lengthwise of the tubers so 
that a longitudinal half could be used as a control. Twenty-seven of the 
grafted seed i)ieces together with the corresponding controls were planted 

TABLE 3.— Stem-evfl hrowning in Green Mountain potato strains propagated in 
Maine for various periods 


Year Field 

Strain 

Years grown 
in Maine 

Stein-cnd 

browning® 




Per cent 

3944 5 

Minnesota 

First vear 

8.1 


Minnesot.*! 

Second year*> 

12.2 


Minnesota 

Third year 

35.2 

G 

Minnesota 

First year 

8.7 


Highmoor 

Many 

6.9 


Vermont 

^fany 

9.7 

7 

Minne»aot:i 

First year 

6.3 


Verjiiont 

Many 

7.5 


Phillips 

Many 

7.0 

1945 8 

Minnesota 

First year 

7.2 


Minnesota 

Second year 

30.7 


Minnesot.'i 

Fourth year 

10.6 


Highmoor 

Many 

9.1 


Keswick 

Many 

31.6 

9 

Minnesota 

Fourth year 

9.4 


High moor 

Many 

9.9 


Keswick 

Many 

36.0 

ft After storage at 50 ’ F. 

for 100 days or more. Each figure is the average of 5 single 

row plots, each 29 feet long, 

Ljitin Square design. 



^ The seed used for this sample was not harvested early but it was tuber indexed. 

All other seed was harvested early. 



under a field cage. Seven were lost because of seed piece rot or virus disease. 

In digging, the units were kept separate. 

The tubers produced by nine of 

the grafted units developed more stem-end browning than did those of the 

corresponding Minnesota control (Table 4). Tlie amount of disease in the 


tubers from all grafted units was intermediate between that in the two con¬ 
trols, corresponding with Avhat would be expected with a 40 per cent “ take. 
The nine units where a ‘‘take’’ was indicated gave fully as much stem-end 
browning as did the susceptible strain used for scions. These nine, as well 
as the corresponding controls were replanted in 1944. The tubers produced 

3 In view of other data presented, the assumption was made that in those cases where 
a ‘Hake’’ occurred, the stock was free of the virus causing or favoring stem-end browning. 
Whore no “lake” occurred, the presence of a mild strain of the virus was assumed. 
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by oig:ht of these were tlii^ and examined for stem-end browning. All of the 
replanted grafted units gave higher stem-ejid browning readings than did 
their corresponding Minnesota controls, but in three cases the increase was 
small. The figures for the other five grafted units were almost as high as 
were those for the Keswick strain. 

Others of the tuber grafts made in 1943 were planted in an open field 
together with their corresponding controls. The units were not kept sepa¬ 
rate, hence the figures in table 5 are plot averages. The samples from the 
plots planted with the grafted seed pieces developed an amount of stem-end 
browning intermediate between th^-it in samples from the two controls. One- 
third of the crop from each type of seed was rei)lanted in 1944, and again 
the stem-end browning content of the i)rogeny of the grafted seed pieces was 

TABLE 4.— Tran8}i}ission ?j?/ tuhtr grafta of a factor causitifj increased dcvelopnient 
of stem-end browning 



Data recorded 

Keswick 

control 

Grafted 

MiniK'Hota 

control 

A. 

No. of units dug, 3943 . .. 

20 

20 

20 

15. 

Percentage stem end browning, 1943 

21.8 

12.6 

3.9 

C. 

No. of units showing increase over Minnc- 





sota control, 1943 


9 


I). 

Percentage stem-cJid browning in C and cor- 





responding controls . 

24.1 

26.7 

4.7 

E. 

No. replanted C units and controls dug, 1944 

8 

8 

H 

K. 

Percentage stem-end browning in all units, 





1944 . 

40.3 

29.8 

8.3 

G. 

No. replanted units showing some increase 





(»ver Minnesota control, 1944 


8 


K. 

No. replanted units showing very definite 





increase over Minm*sota control 


5 


I. 

Percentage stem-end bi owning in IT and cor¬ 





responding controls. 

43.3 

36.9 

11.5 


intermediate. In both years, the crop from the grafted units had ai)proxi- 
mateiy the amount of stem-end browning that would be expected from a 25 
per cent ‘'take/'* 

1944 Tuber Oraffs. About 100 new^ tuber grafts were made in 1944. 
The average figure on stem-end browning for the entire group was no greater 
than that for the Minnesota controls. Onl}^ ten of the grafted units i)ro- 
duced tubers that developed as much stem-end browning as did those from 
the Keswick controls. The figures for 19 others were considerably higher 
than those for the Minnesota controls but less than those for the Keswick 
controls. Of these 29 units, 22 were free of net necrosis and were replanted 
in 1945, together with the corresponding controls. The progeny of only five 
of the grafted seed pieces contained an amount of stem-end browning similar 
to that in the progeny of the Keswick controls. These same five units were 
among those that had aliigh percentage of diseased tubers the previous year. 

4 Calculations from the 1943 data were made after making the assumptions outlined 
in footnote 3. All of the 3944 tubers were assumed to be infected with either a mild or 
a severe strain of the virus in question. 




1946] 


Ross: Stem-end Browning in Potato 


931 


Hence, transmission of a factor favoring stem-end browning obtained in only 
about 5 per cent of the attemiited grafts. 

194 i Inarch Orafts. In 1944, transmission was attempted by means of 
inarch grafting. Tubers from the Minnesota lot were planted by tuber units 
(4 seed pieces per tuber). Two of the hills were left as controls and the 
other two used for grafting. Tubers of the Keswick strain were planted in 
6-inch pots and the plants left in the greenhouse until used. When the field 
plants were 10 to 12 inches high, the Keswick plants were grafted to a stalk 
of the field-grown (Minnesota) plants by inarching. The field-grown hills 
were not trimmed to one stalk. Approximately 2 weeks later the stalk of 
the potted plant (Keswick) was severed below the graft. Several days later 
the i)Jants were examined and only those where the Keswick scion remained 
green and turgid were marked for digging. Jn the year the grafts were 

TABLE n.— Transmission hy ivhrr grafis of a factor causing increased development 
of stem-end browning 


Type of seed iKsed^ 


Stem end browning 
1943b 3944c 


Per cent Per cent 

A. Keswick strain . 38.6 39.3 

B. Minnesota lot 5.9 13.8 

C. Eyeless plug of A grafted into a seed piece of B 15.4 21.1 


“ A and B seed conaist<*d of iiiuiaed portions of the tubers that were used for grafting. 

b Average of 6 singh* row pilots, each 29 feet long. Two Latin Stpiares. 

<* Average of 6 single row ])lots, each 29 feet long. Latin Square design. A repre¬ 
sentative portion of the 1943 crop was used for seed. 

made, the grafted units produced tubers with three times as much stem-end 
browning as was found in tubers from the corresponding ungrafted units 
(Table 6). The figures on distribution of diseased tubers in the units indi¬ 
cate that there was a large increase in approximately one-third of the grafted 
units. In fact, about two-thirds of the grafted units showed some increase 
over their corresponding control, but in about half of these the increase was 
small. 

Those units free of net necrosis were replanted in 1945 to see if the 
ajiparent increase was permanent. It appears that at least part of the in¬ 
crease was temporary, for the })rogeuy of the grafted units produced only 
1.4 times as much stem-end browning as the corresponding controls. This, 
in itself, maj" not mean too much for it has heeii shown that the relative 
amounts of stem-end browning in susceptible and resistant strains vary 
widely with environmental or seasonal factors (9). Of considerably more 
significance is the fact that many of the grafted units that had a high per¬ 
centage of stem-end browning in 1944 also had a high amount in 1945, as 
shown by items H, I, and J in table 6. In item E, relative to replants from 
low stem-end browning units, the figure for the grafted units is but little 
larger than that for the controls, and the majority of the individual units 
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were low in stem-end browiiin<»: (items F and G). The figure for replants 
ol grafted units that liad liigh stem-end browning in 1944 was considerably 
higher than that for the controls in 1945 (item H), and over 60 per cent of 
the units were high in stem-end browning (items I and J). There was little 
teiideiKiv for the control units wliieh Iiad liigh stem-end browning the fii’st 
year to be high in stem-eiul browning in 1945. The 1944 and 1945 data for 


TAJ3LE 6 .—Transmission hy inarch f/rafiing of a factor causing inert ased develop¬ 
ment of siem-end browning 


Vejir 


Itfin 




1 i)4r»'i 


A. 

n. 

c. 

D. 

E. 

F. 

G. 

n. 

I. 

J. 

K. 

L. 


Griiftod*^ 


All luiHs 

r 11 its Avitli U to 25 per eeut 
sic'in end browning 
Viiils with (»V(‘r 25 per eeiit 
stt'iM-end brow’iiing . 

All repl.'uits 
Ke])ljints of J» units 
13 re])laiitfi with 0 to 15 per einit 
st(*ui-(‘iid browning 
1> rciplants with <n'er 15 pc*r et'iit 
stem-end Inowiling 
Keplniits of (- units 
C rej)l.*iiits with 0 to 15 per rent 
stein-(‘nd brow'iiing 
(j re]»hnits with ov(*r 15 per eeiit 
steni-cmd browning 
Totul ro]dants Avith o to 15 per* 
ci'iit siem-end browning 
Total re])iants wdth (tver !;> ]u*r 
cent st(‘m-(‘ijd browning 


Not gr.'ift<Mh^ 


No. 

St,(*m-end 

No. 

St(*in end 

browning 

broAvning 


Per cent 


]*t r ct n f 

115 

50.7 

.115 

10.0 

60 


100 


55 


15 


60 

1 S.8 

42 

15.1 

21 

J5.l>‘‘ 

57 

12.0 

15 


25 


J 1 


12 


56 

2J.K 

5 

IG.O 

.15 


4 


25 


1 


2(5 


20 


54 


15 



aKi'sislunt strain used as stock and susceptible strain as scion. 

•> The figures in this coluniii op]»ositc items A and D are for the i>rogeny of seed pieces 
from the sumo mother tubers as tin* grafted units. Those opposite items E and IT are for 
tuber lines classified according to their bchaA'ior in li)44. In 1044 the 4 units from one 
tuber were planted in adjoining hills, and alternate hills Avere grafted. Tn P.M5 the 
f»rogeny of grafted and uiigrafted units from the same mother tuber Avere planted in 
adjacent rows. 

c Average of (5.5 tubers per unit. 

^ Average of 7(5.5 tubers ]>er unit. 

0 The controls originating from Un^ sann* mother tubias as the grafted units had 12.4 
per cent stem-end brow'uiiig. 

f The controls originating from the same iiiother tubers as the grafted units had 15.0 
per cent st'au-end browning. 

-the grafted units gave a coefficient of correlation barely short of significance 
at the 5 per cent level. This fact does not necessarily indicate lack of corre¬ 
lation, for the sample size in 1944 was small (6.3 tubers per unit) and it has 
been found that with a given type oL* strain the individual hills may vary 
in stem-end browning content from zero to 100 per cent. 

Since the grafted hills were not trimmed to one stalk, one would not 
necessarily expect the T)rogeny of a succ(*ssful graft to be fully as susceptible 
as the strain used as scion. This fact plus the fact that all units were not 
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replanted (because of leafroll infection) makes it difficult to estimate the 
perc^entage of successful transmission, but in general it appears that it would 
be of an order oT magnitude of approximately 20 per cent. At least it is 
clear that in well over 50 per cent of the cases, no evidence of transmission 
could be detected. 

y/y/o Inarch Grafts, In 1945 the same tecfiniqiie adopted the previous 
year was used except that both grafted and ungrafted units ’were trimmed 
1o one stalk. The Highmoor strain, in addition to tlic Minnesota, was used 
as stocks. The results arc presented in table 7. In the case of the Minnesota 
lot, grafting resulted in an increase in the average amount of stem-end 
browning and this was accomi)anied })y a shift toward a larger number of 
liills with Jiigh stem-end browning content. With the Highmoor strain the 
increase in stem-end browning was small and the shift toward a higher num¬ 
ber of high stem-end browning hills was likewise small. Until replantings 
are made the sigjiificance of these results is in doubt but it seems likely that, 

'rAUUK 7.— 'fnihsiuis.sitHi bji inarch ijraftinti of a factor causing incrcasid iU vclop- 
-in(n( of m-i tu! broicn^iui, Exju rimi uts made in Ifhfd 


8tock Scion 


Miinn'sotn I^cswii'k 

iiiijcsotM Not jrmftod 

Uigliinoor Keswick 

llij^limoor Not. graft<■(! 


Av(*nigt‘ 

J^crcciit- 

iiuniln*r 

uge of 

111 hers 

stcin-ciul 

])cr liill 

hrowuiiug 

4.1 

-5.7 

:k<> 

Hkl 


25.5 

:kl 

2C.C 


Niinj]>er of units li.aving fol¬ 
lowing ]>orcL*iitag<‘s of 
stt'iii end browaiing 


U to 24 

25 to 41) 

0\ or 7)0 

3:5 

15 

16 

42 

15 

7 

:5.> 

26 

15 

4:j 

20 

13 


at least in tlie case ol’ the Minnesota seed, some transmission of a factor favor- 
iiifr steni-('nd hnnvniii" was ae('(>mf)lished. 

Tuber Iminihilioii. Several attemi»ts were made to transmit the suscepti¬ 
bility factor by iiioenlatinfr seed pieces of the Minnesota lot. Several 
methods were tried, inelndinfj: transmission by the enttinfr knife, by nibbinfr 
the two types of seed pieces tosretber, and by dippinjjr the seed piece into the 
fjfi’onnd pnlp of stem-end hi’owninf; tubers of the Keswick strain lollowed by 
brnisinj' of the ent snrfa(*e by a dull knife. In no ease did the progeny of 
the inoculated seed pieces dt'velop more stem-end browning than did those 
of the noninoenlateil pieces. The tnbei*s were replanted the following year 
but no evidence of transmission was obtained. 

Leaf Inoculation. In 194:5, cage-grown plants of the Minnesota lot were 
inoculated with juice of Keswick plants by the leaf mutilation method using 
earbovnndum. Only 8.4 per cent of the tubers ])roduced by the inoculated 
plants develoi)ed stem-end browning while 4.8 per cent of thoso from non- 
inoeulated controls.had the disease. This diffei-ence was of doubtful signifi¬ 
cance as the number of tubers was only about 150; couseciuently the entire 
crop was replanted in 1944 in well-replicated plots. Ten per cent of the 
progeny of the tubers from inoculated plants developed stem-end browning 
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as did 9.9 per cent of that from the controls, indicating no transmission of 
the factor increasing the amount of stem-end browning. Leaf inoculation 
to many other species failed to establish the presence of any virus other than 
latent virus in the Keswick strain. 

Stem-end Browning in Tubers Free of Latent Mosaic Virus (Virus X). 
A Green Mountain seedling was obtained from Dr. E. S. Schultz and exam¬ 
ined for stem-end browning. Three tubers were found that had what ap¬ 
peared to be typical stem-end browning. Unfortunately there is no specific 
test for this disease, but the symptoms in these tubers were indistinguishable 
from stem-end browning in Gre«L‘n Mountain tubers. These tubers were 
tested for latent virus both by inoculation to peppers and to Batura and by 
serological methods. Portions of the tubers were planted in the greenhouse, 
and the plants so produced were tested for the presence of latent mosaic 
virus (virus X) both by inoculation and by serological methods. In all cases 
the results were negative. Parallel tests with Green Mountains that con¬ 
tained latent mosaic virus were uniformly positive. Consequently it was 
concluded that stem-end browning can occur in the absence of latent virus 
and, hence, that this virus is not the cause of the disease. Further evidence 
in support of this conclusion is the fact that the symptomatology on Turkish 
tobacco and Bahira plants of the latent mosaic virus obtained from the 
Minnesota lot was indistinguishable from that of the latent mosaic virus 
from the Keswick strain. 

Other Characteristics of Resistant and Snseepiible Strains. Under some 
growing conditions or at least on some fields in some seasons, the resistant 
strains, especially that from Minnesota, have certain growth characteristics 
that distinguish them fiom the susceptible or Keswick strain. The former 
are sometimes taller, more erect, slightly lighter green; and their upper 
leaves arc slightly more cupped. Their appearance resembles, in general, 
that of giant hill Green Mountains. These characteristics are not always 
apparent and in some seasons it is not possible to distinguish between tlie 
two types. That the resistant strains do not contain giant hill is indicated 
by the fact that on the average they produce more tubers per unit yield than 
the Keswick strain. No other difference has been noted. The two types of 
strains mature at about the same time and on the average yield ecjually well. 
Botli are eciually susceptible to leafroll infection and the development of net 
necrosis. 

DISCUSSION 

From the data i)resented in this report it is suggested that the Keswick 
strain of Green Mountain potato contains a virus or virus strain not present 
in the strains less subject to stem-end browning. The data are not sufficient 
to determine wliether or not a virus is the actual cause of the disease. If 
such is the case, then it would be necessary to ])()stulate the presence of differ¬ 
ent strains of the same virus in the two types of stocks. There are several 
facts that strongly suggest that such is the case. In all of the inarch grafts 
rej)orted, organic union between stock and scion took place, for after removal 
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of the root and lower stem of the plant used as scion, the portion above the 
graft remained green and succulent. Once organic union is established, 
virus transmission readily takes place in the case of most viruses. If a plant 
contains one strain of a virus it is usually immune from another strain of the 
same virus. If the transmission is attempted by grafting, however, protec¬ 
tion may be incomplete (1, 8). Hence, the results obtained are consistent 
with the idea that some of the Minnesota tubers were free of the virus in 
question, that the remaining ones were infected with a mild strain of the 
virus, and that the Keswick strain of Green Mountains carried a virulent 
strain of the virus. The other data support this view. There was a small 
but consistent tendency for the Minnesota lot to increase in iiroclivity to 
stem-end browning development the first year after introduction into Maine. 
On the average, this increase was of the order of magnitude of 30 to 50 per 
cent (Tables 2 and 3), suggesting that this percentage of the tubers were 
virus free when introduced but became infected during the first season in 
Maine. These figures agree very well with the i)ercentage of grafted units 
that gave evidence of the transmission of an agent causing increased develop¬ 
ment of stem-end brownijig. That the Minnesota lot was not entirely free 
of the causal agent is indicated by the presence of some stem-end browning 
in the crop ])rodueed under a cage. That it was partially infected is indi¬ 
cated by the fact that the field-grown crop was 40 per cent higher in dis¬ 
eased tubers than was the cage-grown crop. The fact that the 30 to 50 per 
cent increase in stem-end browning usually noteil after one season in Maine 
was delayed a second season where the crop was produced under a cage is of 
particular interest. A plausible exi)lanatioii is that this increase is due to 
the transmission of a mild strain of the virus to 30 to 50 per cent of the units 
and that sucli transmission is prevented by ex(»lusion of insects. The failure 
of the more virulent virus strain to spread to newly-introduced, virus-free 
potatoes is not necessarily iji disagreement, for there are known cases where 
different strains of the same virus have different specific insect vectors 
( 2 , 10 ). 

SUMMARY 

A Green Mountain potato strain that normally produces a crop in which 
only a few tubei's are affected with .stem-end browning was made much more 
subject to development of the disease by tuber grafting and by inarch graft¬ 
ing. Tubers or plants of another strain, the tubers of which are highly pre- 
disi>osed to the (.li.sease, Averc used as scion material. The increased tendency 
toAvard stem-end-browning dcA’elopmenl Avas apparent not only the year the 
grafts Avere made but also in the progeny of the tubers produced by the 
grafted plants or seed pieces. Transmission Avas not obtained in all cases 
Avhere organic union of the grafted plants occurred, nor was it obtained by 
mechanical inoculation methods. The tubers of a lot from another state 
became slightly more prone to the development of stem-end broAAming during 
the first year or two in Maine under field conditions but not wlien cage- 
grown. Otherwise the two types of Green Mountain strains are stable in 
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that there is no change from year to year in the relative amounts of stem-end 
browuiu" developed in the crops of each. 

The data are interpreted .as indicative of the presence of a virus or virus 
strain in those lots highly subject to the disease and the absence of such a 
virus or virus strain in the other type. The hy])othesis is advanced tliat a 
virus is tlie cause of stem-end browjibi^ and that different strains of the 
virus account for the difference in potentiality for st(Mn-end-brownin< 2 f devel¬ 
opment evidejit in different commercial strains of the Green Mountain potato 
variety. 

Maine Agkk’tjltural ExperimI:xt Station, 

Orono, Maine. 
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HEMP SEED TllEATMENTS IN EELATION TO DIFFERENT 
DOSAGES AND CONDITIONS OF STORAGE 

B E N J A 1 N K O E 11 L K K 1 
(Accepted for publication July 22, 11)IG) 

Striking benefits in stand from the treatment of hemp seed were reported 
by J^)l)iiison.“ TJiis was a ('.ooi)ei-ative enterprise [)articipated in by four 
state experiment stations and the U. S. Department of Agriculture, and was 
stimulated by the war needs for hem]). It s(‘emed desirable that more be 
known about tlie eflfi(‘aey of tlie more promising disinfectants, most effective 
rate of api)lieation, and the result when treated seed is stored for some time 
before planting. Although war needs are past, hemp has been and no doubt 
will continue to be grown in peace time. Furthermore, the results are of 
interest with regard to the treatment of seed in general. 

MATERIALS AND METHODS 

Hemp seed, (Uninahis saliva, was obtained from Kentucky through the 
Hem]) Division of tlie Commodity Credit Coriioration, U. S. Department of 
Agriculture. A shipment of seed of the 1942 crop had a moisture content 
of 9.4 j)er c(‘nt wiiiidi is unusually high for lieinp. The germination on the 
se(*d information tag was given as 90 tier cent. The seed was thoroughly 
mixed, and as hemp seed becomes very dusty from handling, the seed was 
recleaned with a fanning mill. Part of the seed was adjusted to a higher 
nunsture, and the treatments were made a week later. Germination tests of 
the same seed lots were made 1 day, months, and 7 months after treating 
with the disinfeetaiits and dosages at the tem])eratures and moisture contents 
given ill table 1. Another set eontaiiiing 14.8 })er cent moisture was stored 
at 70° F., but this became badly molded and was dead after 8 months, and 
thereJ‘on\ those data are omitted. Seed of the 1948 erop from the same 
source had a moisture content of 7.6 per cent and was rated as 90 per cent 
germination on the seed information tag. Again part of the seed was modu¬ 
lated to a higher moisture content, and germination of the treated seed was 
tested after 1 <lay, 8 months, and 7 months storage at the temperatures and 
moisture contents given in table 2. 

The moisture eoutent of i)art of the seed was raised by adding water to 
the seed in a container that eould be sealed, and then mixing well by shaking 
it once every day for a week. Treatments were made by tumbling a pint of 
seed with the disinfectant in a (piart jar by means of a machine. Three 
commereial seed disinfectants were used: Arasan (50 per cent tetramethyl 
thiuramdisulpliide). New Improved Ceresan (5 ])er cent ethyl mercury phos¬ 
phate), and S])ergon (98 per cent tetrachloro parabenzoquinoue). Each one 
was used at 2 or 3 dosages, as shown in tables 1 and 2. After treatment, the 

1 Chief in Croj) rjitliology, Illinois Agricultural Experiment Station. 

2 Robinson, Brittain B. Greenhouse seed treatment studies on hemp. Jour. Amer. 

Soc.' Agron. 36: 911-9U. 1943. 
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seed was stored in sealed pint jars filled nearly full. In this manner it was 
possible to keep the moisture constant. A recheck of the moisture content 
after 7 months^ storage showed that the moistures were about the same as at 
the beginning except in the case of the moldy seed, in which moisture had 
risen from 14.3 to 14.6 per cent. 

TABLE 1 .—Germination of hemp seed of two moisture contents after treating with 
three seed dixinfeelants and sturing at 32° and 70° F. Experiment 1, Vrbana, lUinom, 
1043 


o. ri • Set'd disinfiltf- 

Storage Graii. tant used for 

temporatiire moistuvo treating 

Rate of 
appli¬ 
cation 

Time of planting aft 

er treatment 

1 day 

3 ino. 

7 mo. 

Pet. 

Oz./Bu. 

Pet. 

Pet. 

Pci. 

32^ F. 9.4 Nont‘ 


57.0 

49.3 

29.5 

Arasan 

0.5 

09.0 

04.0 

47.3 

Do 

1 

08.0 

04..3 

50.8 

Do 

2 

70.(1 

()0.0 

55.0 

N.I. Ccrcaan 

0.5 

73.3 

.57.5 

52.3 

Do 

1 

70.5 

05.8 

03.0 

Do 

2 

78.0 

70.5 

03.0 

Spergon 

1.5 

73.0 

00.0 

50.3 

Do 

3 

72.7 

65.8 

00.5 

Least Significant Difference (5 per cent level) 


10.5 

9.0 

12.1 

32^ F. 14.3 None 


55.8 

45.3 

33.3 

Arasan 

0.5 

05.7 

00.8 

32.0 

Do 

1‘ 

72.0 

(»0.5 

44.0 

Do 

2 

73.5 

01.5 

47.8 

N.I. Ceresan 

0.5 

72.7 

74.5 

70.8 

Do 

1 

77.3 

53.8 

43.3 

Do 

o 

77.2 

49.5 

30.0 

Si)orgon 

1.5 

08.3 

49.8 

52.3 

Do 

3 

69.4 

52.0 

49.8 

Jjeast Significant Difference 


9.7 

10.0 

9.9 

70'’ F. 9.4 None 


50.3 

43.8 

9.9 

Ara.san 

0.5 

07.9 

58.8 

24.3 

Do 

1 

09.5 

53.0 

24.0 

Do 

2 

71.1 

57.3 

27.8 

N.I. Oeresjin 

0.5 

09.0 

52.8 

37.S 

Do 

1 . 

78.4 

57.8 

48.8 

Do 

o 

75.2 

57.0 

51.8 

S]>ergon 

1.5 

70.9 

45.5 

33.0 

Do 

3 

73.1 

51.5 

34.3 

Least Significant Difference. 


12.7 

' 10.3 

9.4 


The tests were made in gn enhouse benches filled with dark colored soil 
brought from the University Farm. The greenhouse was kept at 65° to 
70° F., as far as possible, but occasionally the temperatures went higher. 
Tljc experiments were timed so that no tests were made during the hot sum¬ 
mer montlis. Each test consisted of 4 to 6 randomized replications of 100 
kernels for each item. 
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TABLE 2 .—Germination of hemp need of two moisture, contents after treating with 
three seed disinfectants and storing at 70° and 90° F, Experiment S, Urbana, Illinois^ 
1944 


Storage Grain Seed disinfec- 

temperature moisture ^trca*lng***^ 

Hate of 
appli¬ 
cation 

Time of planting after treatment 

1 day 3 mo. 7 mo. 

Pet. 

Os./Bu. 

Pet. 

Pet. 

Pet. 

70° E. 7.6 None 


72.7 

69.8 

65.7 

Arasan 

0.5 

91.0 

89.0 

85.3 

Bo 

1 

93.3 

90.0 

88.2 

Do 

2 

92.0 

90.5 

89.7 

N.I. Coresan 

0.5 

93.3 

88.5 

86.3 

Do 

1 

92.2 

91.0 

88.5 

Do 

2 

94.5 

90.3 

86.8 

Spergon 

1.5 

84.5 

84.3 

80.7 

Do 

3 

85.7 

83.0 

84.0 

Least Significant Difference (5 yier cent level) 


7.5 

9.1 

9.5 

70‘^ F. 10.1 None 


67.0 

61.0 

47.2 

Arasan 

0.5 

81.8 

77.5 

59.8 

Do 

1 

86.0 

79.0 

64.0 

Do 

2 

90.2 

79.3 

61.0 

NJ. CcTcsaii 

0.5 

89.8 

78.5 

72.8 

Do 

1 

92.8 

71.5 

69.7 

Do 

2 

93.5 

63.8 

34.0 

Spergon 

1.5 

74.5 

74.8 

64.5 

Do 

3 

73.3 

70.8 

62.5 

Least Significant Difference 


10.3 

9.2 

9.5 

90° F. 7.6 None 


72.7 

65.3 

50.5 

Arasan 

0.5 

91.0 

86.5 

63.8 

Do 

1 

93.3 

85.8 

67.0 

Do 

2 

92.0 

87.5 

73.8 

N.I, Coresan 

0.5 

93.3 

87.5 

81.5 

Do 

1 

92.2 

87.3 

79.7 

Do 

2 

94.5 

85.5 

77.7 

ST)ergon 

1.5 

84.5 

83.5 

65.2 

Do 

3 

85.7 

85.3 

66.0 

Least Significant Difference 


7.5 

6,8 

10.5 

90° F. 10.1 None 


67.0 

43.5 

0 

Arasan 

0.5 

81.8 

55.3 

0 

Do 

1 

86.0 

52.0 

0 

Do 

t> 

90.2 

59.5 

0 

N.I. Ceresan 

0.5 

89.8 

66.8 

0 

Do 

1 

92.8 

67.0 

0 

Do 

o 

93.5 

33.8 

0 

Spergon 

1.5 

74.5 

50.0 

0 

Do 

3 

73.3 

53.0 

0 

Least Significant Difference .... 


10.3 

12.4 



RESULTS 

Striking increases in stand from treatment were obtmned in both years 
with the three disinfectants used. This was due primaidly to the preven- 
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tion of pre-emerfrence seedlinj;^ blight. Some damping-off occurred also, but 
no significant differences were caused by seed treatment. 

Seed Dctcrioratio7i 

The seed deteriorated very much in viability during 7 months’ storage, 
especially that used in Experiment 1, which was low in vitality at the start. 
Seed deteriorated even when stored at 32® F. At this low temperature, the 
seed moisture, whether 9.4 or 14.3 per cent, made no apparent difference. 
In both cases the stand from the nontreated seed w’as reduced approximately 
half after 7 months’ storage. 'Wfaen considering the average results from 
the use of the three seed disinfectants, at the most favorable dosage of each, 
the stand from treated seed was considerably higlier than for the nontreated 
seed at the start; and after 7 months’ storage the reduction in stand with 
treated seed was approximately 20 per cent. 

When the seed was stored at 70® F. (Experiment 1), and tin* grain mois¬ 
ture was 9.4 per cent, deterioration in vitality was much more rapid than 
at 32® F. The reduction in stand in 7 months’ storage time was 82 per cent 
wlien nontreated seed was used. In the case of tr(‘aled seed, there was an 
average reduction of 48 per cent. When the grain moisture was 14.3 per 
cent, at 70® F. tlie grain was dead after 3 months and more or less moldy in 
spite of the treatments with disinfectants. 

In Experiment 2, the grain moistures were lower, and one of the storage 
temperatures was higher than in Experiiiient 1. Initial germination was 
somewhat better, and deterioration in vitality was not so extreme in 7 
months’ time. In Experiment 2, which involved storage tempoi-atures of 
70° and 90® F. and gram moistures of 7.6 and 10.1 ])er cent, deterioration 
was least at the lowest temperature and moisture, and became greater with 
rise of either temperature or moisture. At the highest temjierature and 
moisture, the seed germinated poorly after 3 months and was dead after 
7 months’ storage. Again, the lower the vitality of the seed, the more the 
stand was benefited by seed treatment. 

Dosdijr 

The only damage from too high a dosage occurred with New Improved 
Ceresan when used with seed at the higher moistures. This was true in 
Experiment 1 with t:rain moisture of 14.3 per cent, even though the storage 
temperature was only 32° F., and in Experiment 2 with g^rain moisture at 
10.1 per cent and storage at 70® and 90° F. The injury was pronounced 
after 3 months’ storage and worse after 7 months. The use of only I oz. per 
bushel of New Improved Ceresan caused no injury under any of the experi¬ 
mental conditions. Howwer, w'ith seed having only 7.6 and 9.4 per cent 
moisture, the higher rates, for the most part, gave the best protection. 

Arasan used at 1, and 2 oz. per bushel gave, in general, progressively 
better jirotection as the dosage was increased, irrespective of the temperature 
or grain moisture during storage. Spergon also had a tendency to give 
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better results when used at 3 oz. per bushel than when used at 1^ oz., irre- 
speetive of temperature or moisture. 

If one keeps in mind the possibility of damage from a hiji:h dosage of 
New Improved Ceresan under some conditions, 1 oz. per bushel appears to 
be a good recommendation. Arasan was used to best advantage at 2 oz. per 
bushel. Spergon should probably be recommended at about 2 oz. per bushel. 
From the data in both experiments, New Improved Ceresan appeared to be 
most effective, Arasan second, and Spergon third. The differences, however, 
were not great and all of the treatments were beneficial. 

DISCUSSION 

The cost of hemp seed is much higher than that of the small grains, and 
the seeding rate in bushels per acre is about the same as for wheat. There¬ 
fore, the saving of seed, through obtaining better stands, is a very important 



■ STAND from untreated SEED 
^ADDITIONAL STAND FROM SEED TREATMENT 


Fin. ]. OcrmiiialioTi ]KTffutages of two lots of hemp 8(M*d w'hcn treated seed was 
t*-eld at several different moistures and temperatures for 0, 3, and 7 months before plant¬ 
ing. Data are the* averages for Aras:m, New Improved Ceresan, and Spergon, uscid at 
the most favorable dosage. 

consideration. If the 1\ bushel-per-acre rate ordinarily used is satisfactory, 
then one bushel of treated seed should give at least as good stands according 
to these exjieriments. On the other hand, seed may be jioor in vitality, un¬ 
known to the farmer, and if see<l treatment is not used the poor stands 
obtained will i-esult in coarse stalks which make a pool* grade of fiber. 

The black bars in figure 1 show graphically the drop in vitality as the 
seed ages. The planting after 3 months’ storage was made in spring at 
approximately normal planting time, Avliile the 7 months’ storage lots were 
planted in September. None of the seed was stored long enough to be 
equivalent to seed carried over to the following year. The cross-hatched 
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part of the bars shows also that seed with poorest vitality benefited most 
from seed treatment. Therefore, seed caried over for an additional year 
would seem to be in special need of protection by a fungicide. 

Of general interest for seed treatment knowledge of farm crops is the 
corroboration of existing fragmentary information that doses of Arasan, 
higher than ordinarily recommended, probably up to the amount that will 
stick to the seed appear to be harmless to seed vitality. With Ceresan, on 
the other hand, there is danger from an overdosage, and this is influenced 
to a considerable extent by the moisture content of the seed treated. 

STTlJl MARY 

Two seed lots of hemp were treated with Arasan and New Improved 
Ceresan at the rates of 1, and 2 oz. per bushel, and with Spergon at and 
3 oz. per bushel. 

Grain moistures of 9.4 and 14.3 per cent and storage temperatures of 32° 
and 70° P. were used in 1943, and moistures of 7.6 and 10.1 per cent and 
storage temperatures of 70° and 90° P. were used in 1944. Storage periods 
from the time of treating until planting were 1 day, 3 months, and 7 months. 

Seed vitality detcrioi'ated rapidly in storage, even at 32° P. At 32° P. 
the differences in seed moisture had no apparent effect, but at higher tem¬ 
peratures, seed with the most moisture deteriorated most rapidly. 

All three seed disinfectants produced striking increases in stand; the 
poorer the vitality of the seed, the greater the benefit, up to 400 per cent 
increase over the noritreated seed. 

The maximum rate of application of Arasan and Spergon gave better 
average results than lower rates, and there was no indication of injury to 
seed vitality at any of the seed moistures or storage temperatures used. New 
Improved Ceresan, on the other hand, caused considerable injury when used 
at 2 oz. per bushel on seed that eontained 10.1 or 14.3 per eent moisture and 
when such treated seed was stored for 3 or 7 months at 32° to 90° F. With 
grain moistures of 7.6 and 9,4 per cent, there was no apparent damage, and 
2 oz. per bushel gave the best average stand. 

Prom these experiments it would appear that for treating hemp seed. 
New Improved Ceresan should be recommended at the rate of about 1 oz. per 
bushel, while Arasan and Spergon should be used at about 2 oz. per bushel. 

Agricultural Experiment Station, 

Urbana, Illinois. 



BACTERIAL SPOT OF HONEYDEW MELON 

M . A . S M 1 T n 1 
(Accepted for publication August 1, 1946) 

Honeydew melons {Cucumis melo L. var. inodorus Naud.) bearing 
numerous water-soaked spots were first observed by G. B. Ramsey in a ship¬ 
ment from Colorado in September, 1940. Although cultures from these 
spots yielded bacteria in most instances, no attempts were made to identify 
the organisms. 

On September 21,1944, the Food Products Inspection Service at Chicago, 
Illinois, reported that in one carlot of honeydew melons from Colorado, 40 
l^er cent bore sunken, water-soaked spots affecting from 10 to 75 per cent 
of the surface of the melons. Examination in the laboratory showed the 
diseased areas to be slightly sunken, circular to oblong, water-soaked, green¬ 
ish-tan, and 2 to 6 mm. in diameter. On some melons the lesions had so 
coalesced that individual spots were indistinguishable (Fig. 1, A). Such 
areas were brown to black. Paraffin sections made from sunken, water- 
soaked lesions showed that the bacteria had entered the fruit through sto¬ 
mata and were between the parenchyma cells beneath (Fig. 1, B and C).^ 

Pure cultures were readily obtained by the dilution-plate and tissue- 
plant methods. Preliminary studies showed the organism to be motile by 
one to three polar flagella, rod-shaped with rounded ends, and Gram-nega¬ 
tive. When it was grown in beef-extract agar and in asparagin agar, an 
abundant green-fluorescent pigment was produced. The same disease was 
again observed in August, 1945, on honeydew melons from Colorado and 
Arizona. Pure cultures obtained from these melons were identical in their 
biochemical and physiological reactions with those obtained in the 1944 
isolations. 

There is no mention in the literature of a similar disease of honeydew 
melon or even of the common muskmelon (Cucumis melo L.). 

Carsner (4) in studies on the angular leaf spot of cucumbers was unable 
to obtain infe(*tion on 11 varieties of muskmelon from field or greenhouse 
inoculations with Pseudomonas lachrymans (E. P. Sm. and Bryan) Perr. 
Anderson and Thornberry (2) report having observed a severe outbreak of 
angular leal* spot of cucurbits in Michigan in 19118 on seed cucumbers and a 
bacterial spot of pumpkin, sipiash, cantaloupe, and watermelon that closely 
resembled the angular leaf spot of cucumbers. 

The physiological reactions of one of the white isolates (species undeter¬ 
mined) which Anderson and Thornberry obtained from cucumbers’^ that 

1 Associate Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Boils, and Agricultural Engineering, Agricultural Research Adiniais' 
tration, United States Department of Agriculture. In cooperation with Department of 
Botany, University of Chicago. 

2 Acknowledgment is made of the assistance of Barbara (\ Heiberg who prepared the 
slides from which the photomicrographs were madi*. 

3 Data kindly supplied the writer by Tl. II. Thornberry. 
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were infected with a disease resemblinjr aiifrular leaf spot were compared 
with a number of isolates that the writer consistently obtained from diseased 



Ftg. 1. A. Bacteriai inftMrtion of honevdew moloii. 15. CroHS section through 
dermis of honey dew melon showing a normal stoma. 2135 x. (1 Crosi} section through 
epidermis of diseased honeydew meion. T5acteria have entered through a stoma and are 
in tissues beneath. 210 x. 1). Iiifection of hone^'dew leaf by spray iiuxMilatioii with 
hojieydew isolate. E. Infection of cucumber leaf by spray inoculation with honeydew 
isolate. F. Infection of honeydew' Vaf 5 days after wound inoculation with Vsviuio- 
rtimias lachr\fmanft. G. Infection of cucumber leaf 12 days after spray inoculation with 
Pseudomonas lachrymans. 

honeydeiv melons. The results of the tests indicated that their isolale from 
cucumbers was distinct from the writer’s melon isolates. 

Tn the studies herein described, morphological and cultural character- 
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istics, biochemical reactions, and pathogenicity of a number of honeydew 
isolates were determined. The organisms were isolated in pure culture by 
the dilution plate method. Cultures were maintained in beef-extract agar 
(pH 6.8). Single colony isolations from cultures purified by the dilution- 
plate method were used in the studies. Six isolates from diseased honeydew 
melons were used in the morphological and biochemical studies. In all cases 
the tests were run in duplicate. Two authentic cultures of Psevdomanas 
lachrymans furnished by the American Type Culture Collection and four 
cultures of Pscndomonas lachrymans from cucumbers from a carlot ship¬ 
ment on the local market were included in the study for comparison. 

MORPIIOLOOY AND STAINING REAPTIONS 

Methods. For determination of form and size negative’^ preparations 
from smears of the various honeydew and Pseudomonas lachrymans isolates 
from beef-extract agar were made w-ith one })er cent iiigrosine. Fisher and 
Conn’s (5) flagella stain was used to determine the number and position of 
flagella. Gram reaction was determined according to Ilucker and Conn’s 
(6) modification of Gram’s slain. Ziehl-Nielscji’s method was employed for 
acid fast properties. The Anthony (1) method of capsule staining was 
employed. 

Morpholoyical characters. The honeydew melon isolates are rods with 
rounded ends, occurring singly. Neither capsules nor spores w^ere demon¬ 
strated. The cells measure 1.4 to JkO by 0.65 to 1.5 microns. They are 
readily stained by carbol fuchsin and crystal violet. The organisms are 
act ively motile by one to three polar flagella, generally at one end. They are 
Gram-n(‘gative and not acid fast. In their morphological characteristics 
P.^endomonas lachrymans and the honeydew isolates are indistinguishable. 

CULTURAL CHARACTERISTICS 

Growdh of the honeydew' melon organisms and Pseudomonas lachrymans 
on beef-extract agar slants (pH 6.9) is wdiite, flat, and butyrous, the medium 
becoming grecTicd after thi*ee days. On beef-extract dilution plates after 
six days the colonies are white, slightly raised, circular, transparent, surface 
smooth, edges irregular. On potato-dextrose agar (pH 6.9) growth is 
slightly raised, filiform, white, and butyrous. Grow^th in nutrient broth 
(pH 6.9) is turbid after 24 hours, becoming greened after 48 hours. On 
asparagin medium (pll 6.8) growth after four days is white, flat, and buty¬ 
rous. The medium is greened. Brom-cresol-purple milk becomes bluish 
purple and alkaline after 10 da.ys, but no curd is formed. Growth of the 
honeydew’ organisms and of Pseudomonas lachrymans in plain gelatin stabs 
is evident in three days. Grow’th is first erateriform, later becoming strati¬ 
form. Liquefaction is complete in 21 days. 

BIOCHEMICAL REACTIONS 

Relation to free oxygen. When growm in Smith fermentation tubes 
growth is evident first in the open arms and later progresses to the domes 
indicating that the organism is a facultative anaerobe. There is no gas. 
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Nitrate reduction. The alpha-naphthylamiiio-sulfanilic acid test was 
employed on 2-, 5-, 7-, 10-, and 14-day-old cultures of the different isolates. 
The orjranism Escherichia coli was used as a control. Nitrate reduction did 
not occur in smy of the honeydew or Pseudomonas lachrymans cultures. 

Indole production. The various isolates f?rowinjr in Bacto-tryptophane 
broth (pH 6.8) were tested hy the Kovacs method (7) for indole production 
at the end of 7, 14, and 21 days. No positive reaction was obtained with 
any of the isolates. When Escherichia coli 'svas used as a control or^^anism 
a positive test for indole was obtained. 

Ammonia production. Strips j§f filter paper saturated with a freshly 
prepared Nessler’s solution Avere huiijr OA^er 36- and 48-hour-old beef extract 
broth cultures of the various isolates. A positive test for ammonia wiis 
obtained. 

Hydrogen sulphide. Strips of lead acetate paper failed to turn black 
when hull" over beef-extract broth cultures of the various isolates, indicating: 
that no hydrogen sulphide AA^as beiii" formed. Escherichia coli used as a 
control organism "ave a positi\"e test for hydrogen sulphide. 

Hydrolysis of starch. Streak inoculations Avere made in beef-extract 
a"ar containinjr 0.2 per cent soluble starch. After five days, the surfaces of 
the jilates AA^ere flooded Avith a saturated solution of iodine in'50 per cent 
alcoliol. None shoAved any clear zone outside the area of "roAVth indicatinj>: 
that no diastatic action had occurred. 

The results of the cultural and biochemical tests AAuth the honeydew 
orp:anism and Pseudomonas Jaehrymans indicate that they are identical. 

CARBON METABOLISM 

Nine isolates from diseased lioneydeAV melons and two isolates of Pseudo^ 
monas lachrymons were included in the studies of carbon metabolism. All 
tests were run in duplicate. Sugars, alcohols, and "lucosides Avere added to 
the modified synthetic medium of Ayres, Hupp, and Johnson (3) as recoin- 
Tuended in the Manual of Methods of Pure Culture Study of Bacteria issued 
by the Society of American Bacteriologists (8). The basal medium Avas 
adjusted to pH 7.0 and sterilized by autoclaviu" at 15 pounds pressure for 
15 minutes. Broni cresol i)urple at a coneentratioji of 0.02 per cent Avas 
added as an indicator. One per cent of some one of tlic sup:ars Avas added 
to the liquid basal medium before use for culturiii". In order to avoid 
breaking down of the sugars during sterilization, lactose, leyulose, maltose, 
raffinose, and sucrose were sterilized by filtration through a Berkefeld filter. 
Twenty-seven carbon sources were used. Inocxdations Avere made in dupli¬ 
cate. Cultures Avere incubated at 27® C. Color change from purple to 
yellow was considered the indication of fermentation. Final readings were 
made at the end of 21 days. Organic acid media Avere jxrepared according 
to the Ayres-Rupp-Johnson method (3) except that 0.11 per cent acid was 
used, Brom thymol blue was used as an indicator. The criterion for fer¬ 
mentation was the presence of groAvth as indicated by turbidity and an 
increase in alkalinity. 
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The honey dew melon isolates and Pseudomonas lachrymans cultures util¬ 
ized arabinose, xylose, sucrose, dextrose, levulose, galactose, mannose, and 
sorbitol. Khamnose, maltose, lacdose, trehalose, raflBnose, melezitose, melibi- 
ose, cellibiose, starch, iuulin, dextrin, glycogen, inositol, glycerol, dulcitol, 
erythritol, saliciii, esculin, and arbutin were not fermented. 

The honeydew melon isolates averaged more rapid fermentation of the 
carbohydrates than the Pseudomonas lachrymans cultures, but as has been 
stated, the final reactions of all the isolates were the same. The honeydew 
melon and Pseudomoyias lachrymans isolates utilized malic, citric, and suc¬ 
cinic acids but not acetic, lactic, formic, or tartaric acid. It appears from 
the foregoing that there are no significant differences in the carbon metabo¬ 
lism of the honeydew melon organism and Pseudomonas lachrymans and that 
they should be considered identical. 

PATIIOOENICITY 

Three mature honeydew melons and 4 cucumber fruits were inoculated 
by needle puncture with 24-iiour-old cultures from infected honeydew 
melons'. Infection, as evideiK-ed by water-soaked areas around needle punc¬ 
tures, was first observed on each of the honeydew melons 5 days after inocu¬ 
lation and on cucunib(‘rs 8 days after inoculation. After 11 days the in¬ 
fected areas on the honeydew melons were slightly .sunken but there was no 
npiireciabh* change in color. On cucumber, 11 days after inoculation, in¬ 
fected areas were slightly water-soaked and yellowish. Control melons and 
encumbers inoculated by sterile needle punctures remained free of the dis¬ 
ease. The organism was readily recovered in i)U!*e milture from the infected 
areas and these reisolates were used in furtlier inoculation experiments. 

In another exijci-iment 2 mature honeydew melons and 4 mature cucum¬ 
bers obtained on the local market were inoculated by spraying the uninjured 
surfaces with h watt*i* suspension of a 24-hour-old culture of one of the honey¬ 
dew i.solates. The cu(*umbers and melons were ob.served for 15 days. No 
infection was aji])arent during that time. A 24-hour-old cultiw of Pseudo¬ 
monas lachrymans was used in spraying the uninjured surfaces of 2 honey¬ 
dew melons and 4 mature cucumbers. No infection was apparent 15 days 
later. Uninjured melons and cucumbers inoculated with sterile water re¬ 
mained free of the disease. 

Two mature honeydew melons and *] cucumber fruits were inoculated 
by needle puncture with a 24-hour-old culture of Pseudomonas lachrymans. 
Infection of cucumbers Avas first observed 9 days after inoculation. After 
15 days the infected area was very slightly sunken and light yellow. Infec¬ 
tion of honeydew melons was noted 8 days after inoculation. After 15 days 
the infected area was sunken and yellowish-brown. Reisolations from in¬ 
fected honeydew melons and cucumbers were readily made. Control melons 
and cucumbers inoculated by sterile needle puncture remained free of the 
disease. 

In greenhouse inoculations one series of 6 young honeydew melon and 
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6 cucumber plants ^a*owiuf>: in pots were sprayed with a suspension of a 
24-hour-old culture of one of the honeydew isolates. A second series of 6 
melons and 6 cucumber plants was sprayed with a suspension of a 24-hour- 
old culture of Pseudomonas lachrymans. After inoculation the plants were 
placed under bell jars for 24 hours after which they w(‘re returned to the 
jrreenhouse bench and held at 21° C. Infection was evident within 72 hours 
oji foliaf^e of the melon and cucumber plants inoculated with either the 
honeydew isolate or Pseudomonas lachrymans. Six days after inoculation 
the melon foliage inoculated with the honeydew isolate was so heavily in¬ 
fected that many lesions had coalesced (Pijr. 1, D). Infection of ciKuimber 
leaves, inoculated with the honeydew orf^anism or witli Pseudomonas lachry- 
mans, was moderate at the end of three days and showed considerable further 
spi*ead at the end of six days though it was not so severe as on the melon 
])lants. At this stajre the lesions varied from mere dots to areas 1 to 2 mm. 
ill diamet(‘r on each host when either the honeydew orpfanism or Pseiido- 
nwnas lachrymans was used (Pi". 1, P and G). Some of the lesions were 
more or less iiTC^ular and water-soaktul. When dried, infected leaves were 
examined, the infected aj*eas apiieared (*halky. The causal organisms were 
reisolated by plating from these lesions. 

In anoth(»r experiment 10 honeydew melon and 10 cucumber ]>lants were 
used for wound inoculations. Pour each of the melon and cucumber plants 
were inoculated by needle jiiinctures into leaves, petioles, and stems with 
24-hour-old agar slant cultures of Pseudomonas lachrymans and one of the 
honeydew isolates. Two of the melons and two of tlie (mcumbers injured 
with a sterile needle, s(*rvcd as <*.ontrols. Infection was evident Avithin -18 
hours on foliage of the rn^dons ai]d cucumbers inoculated by needle punc¬ 
tures with eitlier the melon isolate or Pseudomonas lachrymans (Pig. 1, E). 
Petiole and stem in feci ions v/ere ap]>arent 4 days after inoculation. Wilting 
was observed Avith both hosts but wms much more rapid in the honeydcAV 
melon plants inoculated Avith the honeydew melon isolate. Melon and 
cucumber ]dants injured by sterile needle punctures remained free of the 
disease. 

The foregoing inoculation tests shoAV that the honeydeAV melon isolates 
and Pseudomonas hwhrymans are pathogenic to fruits of honeydew' melon 
and cucumber wdieii needle ])uiieture inoculations are made and to honeydew 
melon and cucumber plants inoculated by spraying with a bacterial suspen¬ 
sion or with Avounding. Because of the pathogenic similarity it is concluded 
that the melon organism should be considered identieal AAotli Pseudomonas 
lach rymans. 

SUMMARY 

A hitherto unreported bacterial disease of honeydewv melons is described. 
A comparison of the morphological charaet(*risties of the isolates from dis¬ 
eased honeydew' melons Avith Pseudomonas lachrymans indicates that they 
are indistinguishable morphologically. Tlie results of cultural and bio¬ 
chemical tests with the honeydew melon organism and Psendomonas lachry- 
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mans indicate that they are identical. Studies have shown that there are no 
significant differences in carbon metabolism of the honeydew melon organ¬ 
ism and Pseudomonas lachrymuns. Pathogenicity studies show that both 
organisms are pathogenic to fruits, leaves, and stems of honeydew melon and 
cucumber. It is suggested, as a result of these stiidies, that the honeydew 
melon organism should be considered identical with Pseudomonas lachrij- 
jnans. 

IT. S. Department op Agriculture, 

(hncAGo, Illinois. 
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A NEW KACE OP CEliCOSPORA ORYZAE ON RICE^ 

S. J. P. Chilton and hi . C . Tullib^ 

(Accepted fov publication Aiijfust -4, 1946) 

Five racea and several subraces of Cercospora oryzae Miyake were re¬ 
ported by Ryker*^ in 1943 as oecurriiifr on rice in Louisiana. These races 
were differentiated by their differing range of pathogenic*ity on the follow¬ 
ing rice varieties; Blue Rose, Blue Rose 41, Fortuna, Caloro, Colusa, Zenith, 
Delitus, and Southern Red rice, ^lefore 1944, the variety Rexoro had been 
resistant to all of* these races both in commercial fields and in experimental 
plots artificially inoculated. In 1944, however, and again in 1945, Rexoro 
was susceptible both in Texas^ and in Louisiana.‘‘ “ 

Texas Patna and Bluebonnet, two new rice varieties of which Rexoro was 
one of the parents, also Avere susceptible. In 1945, the disease was wide¬ 
spread on Rexoro throughout the rice area of Texas and Louisiana. The 
fungus Avas isolated from Rexoro and Texas Patna and used to inoculate 
differential varieties. The results substantiated the indications that the 
fungus on Rexoro and Texius Patna is a neAv race of Cercospora oryzae. It 
is the purpose of the present ])aper to report the disease reactions of the 
differential varieties used and to summarize the results of artificial inocida- 
tious Avith the iicav race on commercial Amrieties and varieties and s(‘lections 
introduced from foreign (*ountries, so tliat the information may be available 
for use in breeding for resistance to this ne\v race. This information is par¬ 
ticularly im])ortant because Rexoro AA’a.s the most important high-([uality, 
long-grain variety of rice grown in the United States in 1945. 


MATERIALS AND METHODS 


From a numbei' of cultures isolated from lesions on plants of Jtexoro and 
Texas Patna, one culture from Texas Patna from Texas and one from 
Rexoro from Louisiana were used in June to July to ino(*ulate young rice 
plants of 6 differential A^arieties and 24 commercial varieties growing in rod 
rows at the Rice Exi)erimcnt Station, Crowley, La., and at Texas Substation 
No. 4, Beaumont, Texas. At the latter station, 703 foreign varieties and 
selections from A^arious parts of the Avorld also were similarly inoculated 
with the culture of the fungus isolated from Texas Patna. 


1 Cooperative iuvestigatiojis, Lou'iHiatia and Texas Agricultural Experiunuit Rtations 
and the Division of Cereal Crops and Diseases, Bureau of Plant Industry, Soils, and Agri- 
.tsulturaj Engineering, Agricultural Ucsearcb Adininistraiioni II. S. Dept. Agriculture. 

2 Associate J»rofessor of Botany and Associate Plant Pathologist, Agricultural Experi¬ 
ment Station, Baton Rouge, Louisiana, and Pathologist, Division of Ccueal Crops and 
Diseases, Rice Experiment Station, Beaumont, Texas. 

sRyker, T. C. Physiologic specialization in Cvrcnspora orvsae. Phvtopath. 33: 
70-74. 3943. / ./ 

4 Tiillis, E. C., and G. E., Altstatt. Rice diw-jises in Texas in 1944. IT. S. Dept. Agr., 
PI. Dis. Reptr. 28: 1103-1104. 1944. * ’ 

1943^ 1944^^ na '^1945 ^ Cercospora orysae. I,a. Agr. Expt. Sta. Ann. Rept. 


0 Chilton, S. J. 1*., and E. C. Tullis. 
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The method of inoculation was the same as that described by Rj^ker^ as 
his metliod No. 2. That is, spore suspensions from pure cultures were 
sprayed on the younj^ rice plants in the eveiiirif? between six o’clock and 
dark. 

Tlie ratirij?s used to record the disease reaction, that is the susceptibility 
or resistance of the various varieties, were: S = susceptible, MR ^ moderately 
resistant, and R = resistant. The susceptibility or resistance of a variety 
was determined (1) by the lenj^th of time elapsed after the inoculation before 
the lesions began to ai)pear, and (2) by the size of the lesions when fully 
developed. On susceptible varieties, lesions began to appear 10 to 12 days 
after inoculation and usually were 7-10 mm. long at the end of three weeks. 
The moderately resistant varieties reacted similarly except that the incuba¬ 
tion period was two or three days longer and the lesions were shorter. On 
resistiuit varieties, lesions did not appear until about 18 days or more after 
inoculation, and they remained small. 

REACTIONS OF DIFFERENTIAL VARIETIES 

The disease reactions of the six differential varieties to the previously 
described races 1 through 5 and to the new' race, designated as race 6, are 
given in table 1. 


TABLE 1 .—iJiacasv reaction of differential varieties to si-x races of Cercospora 
orifcac 


Variety 



Roaction to 



Baoe 1 

Baec 2 

Race 3 

Race 4 

Race 5 

Race 6 

Blue Bose 

S 

MB 

S 

R 

R 

B 

Blue Bose 41 

B 

S 

R 

R 

R 

R 

(-aloro . .. 

B 

B 

S 

B 

B 

R 

Fortuim , . 

B 

R 

R 

S 

R 

R 

Bod Bice 

B 

R 

R 

B 

S 


Bexoro 

B 

R 

R 

B 

R 

S 


Rexoro is resistant to races 1 through 5, and it is the only one of the 
differential varieties that is susceptible to the new race 6. 


RELATIVE RESISTAxNCE OF VARIETIES 

The commercial varieties of rice found to be resistant to race 6 include 
(l)*the short-grain: Acadia, Asahi, Caloro, Cody, and Colusa; (2) the 
medium-grain: Arkrose, Blue Rose, Blue Rose 41, Calady 40, Early Prolific, 
Hill Medium, Kamrose, Magnolia, and Zenith; and (9) the long-grain; 
Arkansas Fortuna, Delrex, Fortuna, Lady Wright, Nira, Nira 43, and 
Prelude. 

The commercial varieties susceptible to race 6 were all long-grain: Blue¬ 
bonnet, Rexoro, and Texas Patna. Bluebonnet, Texas Patna, and a selection 
known as Nirex, which also was susceptible, were developed from crosses in 
w^hich Rexoro was one of the parents. 
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Of the 703 foreipjn varieties and seleetioiis, 555 were resistant to race 6, 
while 109 >vere moderately resistant and 16 were susceptible. The other 23 
api)eared to be segregating. Among the 555 foreign varieties and selections 
resistant to race 6, were the following glutinous varieties, some of which may 
be found of value in California: Asahi mochi, Bozu mochi, Myogahari mochi, 
and Mochi Gomi. 

DISCUSSION 

The rice varieties Bluebonnet, Texas Patna, and Nirex, all susceptible to 
race 6, were developed from crosses in whieli Rexoro was one of the parents. 
Their susceptibility to tliis race cleainy came from Rexoro, the female parent, 
as both Portuna, the male parent of Bluebonnet, and Nira, the male parent 
of Nirex, are resistant to race 6. The reaction of the male parent of Texas 
Patna, C.I. 5094, to race 6 is not known, but presumably it is resistant. Like¬ 
wise, the reaction of Delitus, which unfortunately was not included in the 
tests, is thought to be resistant, because Delrex, which was developed from 
a cross between Rexoro and Delitus, is resistant. That is, the Delitus i)arent 
undoubtedly carried the factor for resistance in Delrc^x. This is the more 
likely, b(‘cause, as jireviously reported,'* an generation in a cross between 
a resistant variety and Rexoro segregated in a ratio of 3 resistant to 1 
susceptible. 

SirMMARV 

A new race of Ccrcospova oryzaf, designated as race 6, is reported on rice 
in Louisiana and Texas. Race 6 attacks Bexoro and certain other commer¬ 
cial varieties of Rexoro parentage. The reactions of the differential varie¬ 
ties of rice used to sei)arate the vaidous races of Cf7Tospor(i oinjzar as well as 
the reactions of a number of other commercial varieties and forcngn introduc¬ 
tions are reported. 

Louisiana Agricultural Experlment Station, 

Baton Rouge, Louisia.va 

AND 

Rice Experiment Station, 

Beattmont, Texas 



THE PREPARATION OP MANUSCRIPTS FOR PHYTOPATHOLOGY^ 

A . J . E I K E R 
WRITING—A PART OF RESEARCH 

The publication of results from research is an important matter because 
of the permanence of the record and its use by othei's. The manner in which 
it is done reflects not only ui)on the individual worker, but also upon the 
organization of which he is a part. The prejiaration of a manuscript which 
accurately conveys readable ideas is an essential phase of research; it is just 
as valuable as doinj? more exjieriments; and it is fully as w^orthy of our best 
efforts (cf. Allen, 1). Here stands our brain child. How shall we dress 
it for presentation to the world! 

Writing? is one of our most important arts. It crystallizes for us the 
experiments ami ideas of others, liviii" and dead, near at hand and in a far 
country. It j^ives us tlie combined experience of the human mind to use and 
to ])ass on, with such additions as we ourselves can make. 

Makinj*: these additions throu^rh printed })a]>ers sometimes causes both 
headaches ami heartaches, Reco^nizin<r that not every member can ride 
IV^msus w(‘ll. The American Pliytopatholojxical Society has reipiested a new 
(cf. Reddick, 18) vserics of recommendations on writing manuscripts. It has 
also ('racked the whip over the Editorial Board in a mandate “to sharpen 
editorial |)(mi(m1s,’’ to (*inploy at least two (jualitied and anonymous referees 
on each manus(‘ri])t, and to improve the (juality of papers published throug^h 
sujjgestion and i‘m'ouragemeut, as far as ])Ossible, and to reject papers when 
necessary. 

J^y this action the Society is not reaching for perfection but is striving 
to maintain a reasonably high technical standard, to avoid unnecessary bur¬ 
dens on the unpaid editorial staff, to meet the greatly increased cost of print¬ 
ing, and above all to ])revent our sciiuice from sinking under the very bulk 
of present-day publication (cf. Weiss, 2il). Although the subject is patho¬ 
logical, the report of it need not be patliologii'al too. 

Our purposes are to diagnose some of the diseases of manuscripts and, 
for those who want them, to suggest both jirevention and cure. 

A skillful investigator avoids rushing into print with an account (ff 
“flea’’ researc'h. By this w’e mean the kind in which he jumps on this sub- 

1 This article was prepared at the suggestion of the Council of The American Phyto- 
pathologi(*al Society and at the invitation of the other members of tin* Editorial Hoard 
of Phytopathology. These and various other friends and colleagues, including partieii- 
larly 0. E. Allen, Noble Clark, E. E. Clelaiid, J. G. Hickson, H. B. ITumphrey, G. W. Keitt, 
Eoss Marvin, M. C. Merrill, hnd .1. (J. Walker, have given inaiiv valuable suggestions. 
M(‘adames I. H. Hodgson ami E. K. Marks have assisted with many details. Much of this 
material already has been written (19), and all of it has been oolh'cted freely wherever 
found. There is no intention whatever to say or to imply, ‘^This is it ; there is no other 
way.'^ Eather the hope is to provide assistance for those who want it, and who desire 
Homo understanding of the reasons behind the sjieeific directions given. 

The illustrations were drawn by Eugene Herrling. 

The manuscript was approved for publication by the Director of the Wisconsin Agri¬ 
cultural Experiment Station. 
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ject for a bite and on that subject for another. Nothing is really accom¬ 
plished except possibly starting an irritation and a place to scratch. 

The results of research are valid only in accord with the reliability of 
the methods employed and with the accuracy of their interpretation. After 
an observation has been recorded or an experiment has been made, a strict 
and seldom-broken rule requires that a report of such work must not be 
published for the use of others until repeated determinations have been made 
and before the results have been satisfactorily analyzed. The simpler ex¬ 
periments are commonly made at least in duplicate or triplicate with suitable 
controls and are carried through th|j3e separate times. A good investigator 
does not become so enthusiastic about an experiment that he fails to view it 
impartially and to accept sound evidence against it. On the contrary, before 
publishing he makes every reasonable eflFort to find aji error in the procedure 
followed, in the experiment itself, or in tlie conclusions drawn from it. 

The reproducible experiment is essential for scientific j)rogress. So the 
writer should give the reader all information necessary for repeating the 
work. Likewise, the writer should be reasonably sure that a competent man, 
wdien he repeats the work, will find similar data and parallel conclusions. 

However, w^hen significant results are actually ready, nothing should 
delay a i)rompt and adeejuate release. Probably as many writers commit 
sins of omission, which arc hard to see, as sins of commission. Scientists in 
publicly supported institutions have a special responsibility to give promptly 
to the public tlie benefit of their verified investigations. The first and 
authoritative announcement of new research is best made before* a scientific 
society or through publication in a technical magazine. Simultan(‘ous po]>u- 
lar releases, when desirable, can be arranged for the press and radio. Sucli 
releases must have an entirely different style, which few technical men (*ver 
achieve. For such writing a journalist may be secured, providing the scien¬ 
tist (‘orrccts his technical errors. 

Since different writers achieve satisfactory technical manuscripts by 
various means, the following suggestions ap])]y only in case there is no better 
way. Some pains have been taken to explain the philosophy behind certain 
recommended procedures. These did not descend ready-made from Mi¬ 
nerva’' in an armchair; they have developed through many years of toil; 
they have come from disappointment as well as from satisfaction. 

FINE PIGITRER MAKE FINE PAPERS 

Writing is obviously much easier when one has the subject matter clearly 
in mind and actually before him. Consequently, many skillful investigators 
first prepare—at least in temporary form—their pictures, line drawings, 
graphs, and tables. These items, as ^vell as the text, they condense as much 
as may be consistent with clarity. 

Illustrations Are Never Too Good 

The first impression an article makes commonly depends on the character 
of the illustration. A good piece of writing loses considerable value if the 
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illustrations are poor. To be sure, one may not be entirely just, but be is 
realistic to feel that fine figures make fine publications. The best possible 
text figures are never better than they need to be! 

Illustrations arc usually photographs or line drawings. As part of the 
printing procedure, these are made into engravings: the photographs are 
converted into half tones, the line drawings into zinc etchings. 

Scientific journals cannot afford to use illustrations as mere embellish¬ 
ments for a paper. Each illustration must serve a purpose: it should ex¬ 
plain a new technique or apparatus; it should amplify a taxonomic descrip¬ 
tion ; it should emphasize the appearance of experimental material; or it 
should summarize data that are too numerous to present in the text. 

If he has several photographs, the author should grouj) them together 
for economy wherever possible. The same applies to line drawings. Photo¬ 
graphs and drawings, however, are seldom combined. 

Photographs 

First, let us consider photographs, ’which should be taken so that unim¬ 
portant and distracting items are left out. A glossy finish gives best rei)ro- 
duction (10, 11). Prints should have clear, white backgrounds and strong 
contrasts, because the half tones usually have less contrast and less detail 
than the originals. 

Photographs are mounted on heavy paperboard, one side of which has 
a hard, smooth, white surface. Although paste may be employed, \vrinkles 
frecpiently appear that make the illustrations unacceptable. Rubber mount¬ 
ing cement is commonly used as follows: the back of the print and the 
smooth, white face of the x)aperboard are both smeared with a thin layer of 
the mounting cement. After drying a few minutes, when both appear 
sticky, the photograph is laid in position and pressed down wdth a cloth. 
Any excess of cement on the ])aperboard or picture is removed by rubbing 
with a cloth or soft eraser. 

When several ])ictures are mounted together in one figure, each one is 
lettered, r.g., A, B, C, D, . . . in the lower left-hand corner from left to 
right and from top to bottom. The waxy siirfac^e on all glossy prints is 
cleaned away from a small area with a touch of ether or an eraser, and the 
lettering is done with India ink directly on the picture. To do this the 
author employs either a skillful hand or a commercial lettering guide. If 
the picture is black, the letter may be outlined with wdiite ink or placed on 
a small white ink circle. Pasted, cut-out, block letters usually are too heavy 
to look well and have a poor chaii<»e of sticking on the waxy surface. 

Because the photogra]dis or drawings must go to an engraver, they are 
separated from the manuscript and need complete identification. Each 
illustration desirably carries the following information: (1) the name of the 
author, (2) the title of the manuscript, (3) the figure number, and (4) the 
legend, here as well as with the text. These items may be neatly written or, 
preferably, typed on white paper, then pasted on the paperboard back. 
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Legends should appear in the text where the first reference is made to the 
figure. Although it should be brief, it shbuld ordinarily make the illustra¬ 
tion clear without reference to the text. Magnifications given for photo¬ 
micrographs should be calculated according to the size as finally printed. 

Finally, whether with a photograph, drawing, or graph, mucli tender 
care in preparing good figures can go down tlie drain unless tliey are well 
protected. Innocent paper clips or i)eneil marks on the previous page can 
make ruinous dents. Smudges from soiled fingers or carbon paper often 
show up surprisingly in printing. Protecting the picture with a ‘‘flap” of 
thin paper, pasted first on the papj^rboard back, then drawn over the face, 
is decidedl}’' wwth while. Likewise, pictures need heavy cardboard protec¬ 
tion against creases, folds, and broken corners in the mail. IToav many 
writers learn this the hard w^ay 1 

Drawings over Photographs 

When a photograph or a photomicrograi)h is poor or contains much dis¬ 
tracting, unnecessary material, which cannot be trimmed awiiy, the author 
can make a line drawing on the print (13). Best results come from an 
enlargement done on paper with a matte surface. Tlie drawing is tlicn made 
with waterproof black ink directly over tlie wax-free photograph. After the 
ink has been thoroughly dried, the silver image of the print is r(*moved in an 
iodine solution, made by grinding 5 gm. of iodine and 15 grii. of potassium 
iodide in a little water, until they are dissolved, and by diluting to 500 ml. 
wdth water. A few minutes after all traces of the photograph have disap¬ 
peared, the print is rinsed in water and then the iodine color is bleaidied for 
about 5 minutes in 20 per cent “hypo” solution. Because the watcTproof 
ink smears easily, it must not be touched wliile the paper is w^et. The print 
is waslied in winter, pinned to a flat, blotting surface, dried in a vertical 
I)osition, and pressed with a flatiron. Some further drawing often is neces¬ 
sary on the dried print. 

Photographs were considered in earlier days to be more convincing than 
drawings because “photographs don’t lie.” This naive idea w^as long ago 
given up in recognition of photograydiic skill,^ even without retouching. 
Whichever presents the evidence more clearl}" is obviously the one to use. 

Originals Made to Fit the Page 

The size of an original illustration, wdiether photograpli, draw’ing, or 
graph, requires adjustment in relation to the printed page. An author "can 
frequently trim from photographs much unnecessary surface, sucli as flower¬ 
pots, tops of test tubes, or background, and thus allow more space for the 
center of interest; or he turns some photographs sidewise for an improved 
arrangement. Graphs apd drawings usually come out best wlien they are 
made 3 or 4 times as large as the final cut because small imperfections dis- 

2 Most fishermen know that if they should hold a la inch fish at arm length in front 
of a yardstick and should photograph it with an ordinary camera, the film would record 
a fish over IB inches long. 
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appear with the reduction. The original illustration can be made with 
dimensions that fit the page^ in the following way: On the bottom of a large 
sheet of paper the author draws a line on which are marked 1, 2, and 4 times 
the width of the i)rinted })age. At the left end of this base line he draws a 
vertical line on which he marks the height of the page, less the space the 
legend will occupy. This he approximates by counting the number of words 
in the Jegend and by measuring an already printed legend of similar length. 
He then marks on the vertical line 1, 2, and 4 times the corrected page height, 
and he completes the corresponding 3 rectangles. He constructs intermedi¬ 
ate rectangles as desired. If the final/illustration is to occupy the entire 
page, J of the page, J of the page . . . , the original illustration is made to 
occupy all, ^ • of whatever rectangle is selected. On the limiting 
dimension, usually the width, the author marks with blue pencil the size he 
desires, e.g,, ‘‘Reduce to 4§ inches.” 


Balance in Line Drawings and Graphs 

Line drawings and graj)hs arc made with India ink, usually on tracing 
cloth, Bristol board, or the ecpiivalent, and sometimes on celluloid sheets 



t'lQ. 2. Temperature and radial growth of four dauiping-off fungi on potato-dex¬ 
trose agar in Petri dishes. 

(24). The engravers prefer originals rather than iihotographic copies. The 
original is essential if a rectangle has been copied askew—and usually it has 
been. 

The size and weight of letters, numbers, lines, and dots used in the origi- 

3 For 1946 a page of PHYTOPATHOLOGY meaHures 4ft by inches; of the JOUR¬ 
NAL OF AGRICULTURAL RESEARCH, 4^ by 72 inches; and of the AMERICAN 
JOURNAL OF BOTANY, by 8} inches, with 2 columns 3 inches wide. 
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nal drawings and graphs require planning, particularly w^hen reduction is 
contemplated. A i^iiide appears in figure 1. 

Graphs and tables are used to present numerical data. Graphs are not 
only simpler and easier to comprehend than tables, but also they are cheaper 
to set. Since the style in graphs varies enormously, the beginner may read 
AndersoiPs (Jl) discussion and examine the best graphs in recent,publica¬ 
tions for acceptable methods. 

An example of a relatively simple graph is in figure 2. These data are 
representative of 3 separate trials; the results of 2 are omitted. Although 
short, the legend makes the grajih clear Avithout reference to the text and 
with little, if any, repetition of the text. This gi*aph was made with India 
ink on Bristol board. The size of the original was e.alculated by measuring 
the sjiaee it should occupy on the printed page and by making the original 
4 time as large. The letters and numbers were made with commercial letter¬ 
ing guides but ])rinted letters of the right size may be used. For best Hp])ear- 
ance the Avhile area between letters needs to be approximately the same in all 
cases. This means tliat a C and O must be nearer together thaji an M and N. 
The letters and numbers were large enough on the original (for the actual 
size of llie original, make (‘om{)arisons on figure 1) to read even after reduc¬ 
tion, which practically eliminated certain imperfections obvious on the origi¬ 
nal. betters smaller than this on the i)rinted page are too hard to read. 
The spacing of critical points of the scales on the side and bottom is pro])or- 
tioned according to a definite arithmetic (or geometrie) progression. E(pial 
si>aciug l)(4ween numbers is not acc.e])table in a series like the folhnving: 
2, 4, 10, 16, 20, 50, JOO, 150. 

There are no vertical and cross lines in the gra])h proper in this case 
because a fcAv millimeters or a degree or two are not important, and because 
the general situation is observed more easily this Avay. HoAvever, the begin¬ 
nings of smdi lines do a])pear for clarity and for anyone avIio Avisbes to com¬ 
plete them. A few light guiding lines may be helpful sometimes where the 
exact reading is crili(*al or if they do not distract from the essential features. 
The meaning of each graph lijie is indicated right at the line itself, which is 
hea.vier than the scale lines. Four graph lines are easily followed, but more 
than 5 or 6 become con fusing. A continuous graph line between actual 
])oints of measurement is justified in this figure because measurements at 
intermediate points Avould probably fall near or on the line. IIowcA^er, in 
a different experiment, if a series of grain varieties or chemicals Avas placed 
at the bottom, and percentage of infection at the side, vertical bars instead 
of eontinuons lines would be needed because there are no intermediate points. 
This is discussed in more detail by Anderson (3). He also explains that the 
preparations of such bars and other conventionalized figures are frequently 
easier when suitable cross hatebiiig on transparent film (secured from any 
good art store) is applied properly. 

tables iiaa^e many possibilities 

Data too complex or discontinuous for graphs or for text discussion often 



960 


Phytopathology 


[VoL. 36 


appear best in tables. Since their typesetting cost is 2 or 3 times that of 
ordinary composition, they should be used frugally and only when well 
organized. 

While the acceptable styles vary enormously, an example (Table 1) may 
be useful. The data are representative, aud more similar data have been 
omitted. The table has been prepared with maximum simplicity. The 
legend is short, but it is clearly worded, as are the column headings, so that 
the reader will luulei-stand the table without reference to the text. There is 
little, if any, repetition in the text of data given in the table. The columns 
have been arranged to fit on the i)ri^ited page.^ Only the headings, proper 
names, and items in the loft column begin with capital letters. Units of 
quantity (days, number, per cent, etc.) may be set in italics at the top of 
figure columns. Negative results are indicated by ciphers, absence of data 
by dots. Only those decimal points appear which are clearly significant. 

4 Tlic vspnee occupied by letters and luinibors can be estimated by the 8 point ty })0 in 
the following lines: 

abcdefghijklmnopqrstiivwxYzal)cdofghijklmiiopqr8tiivwxyzabedefghitklninopt|r8tuvwxvzab 
ABCDEFGITTJKLMNOPCjRHTTTVWXYZABCDKFGnT.lKLMNOPQUSTITVWXYZABC 
123456789012345(57890123456789012.34507890123450789012345078901234567890123456789 

By counting letters, numbers, and at least 1 character for the space between colnmns, one 
can estimate the sjiace. a table will occupy. Tlie large number of different possible 
arrangements, discussed in detail by Anderson GO, enables one to arrange almost any 
material to fit the page. For example, with 3 criteria of classification, A, B, and C, there 
are 12 possibilities, thus: 
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Non-significant decimals indicate a lack of discrimination. When they are 
used, they are uniform in a single colnmn. ‘ ‘ Ditto’’ is indicated not by ditto 
marks C) but by Do ... or ... do , respectively, in the first or 
later column. Footnotes often supply information otherwise requiring a 
column. They are indicated by raised small letters. However, too many 
footnotes may be confusing. The authors can find in the literature many 
good examples to follow. 

TABLE 1 .—JJUiribvtion in WSd of Vythium and Jihisoctonia on red pine aeidlinga 
in Wisconsin forest nurseries 


Location 

Soil 


Seed¬ 

lings 

plated 

Platings 

positive^ 

Yield of positive 
platings 

Type 

Reae- 

tion» 

Pythium 

PMzoctonia 



pH 

K limber 

Number 

Per cent 

Per cent 

Rhin(‘lan(b‘r 

Vilas sand 

5.0c 

8 

1 

0 

100 

Port Edwards 

JUainfield sand 

5.0e 

56 

54 

0 

100 

Do 

do 

5.1c 

82 

81 

19 

81 

Gordon 

do 

5.2c 

13 

7 

0 

100 

Madison 

siJt loam 

5.3 

17 

15 

20 

80 

Trout Lake 

Vilas sand‘< 


19 

10 

80 

20 


»-DoliTniinatioiis were inadt* with a qiiinhvclroiu* cloctrodt? a7i<l cbeokrd with a glass 
fk'ctrodv. 

i* Positive ])lat(’H yiehled either Fyihium or Klihoctonio; all other plates were iiega- 
tiv(‘ or yielded saprophytes or dubious parasites. 

‘‘ 'I'l-eated at seeding with 2 per cent snl[»hiiric acid t(> control damping off. 

J Instead of soil from a nursery, this was soil from a nearby woods. 

Parti(-ularly in a summary table when statistical analysis has been em- 
ployed, one should mention tJie jn'oeedure and give an indication of the 
variability in the residts; for examiile, the minimum significant difference 
or a summary of the analysis of variance. 

Editors usually will take details of some rej)resentative data which are 
necessary to exi)lain tlie procedure. After this they accept only summarized 
or well-digested data wliich give tlie results. Obviouslj^ an author cannot 
j)ublish all the data that have accumulated. 

The tentative completion of tables, text figures, and, in addition, the 
pertinent literature citations before planning the details of the manuscript 
freiiuenlly saves considerable time in revision. 

THE OUTLINE MARKS THE WAY 

The })rej)aratiou of a manuscript, just as with the itinerary for a trip, 
begins with a detailed plan, which freciueutl^^ has been marked out already 
in the research jirogram. The kinds of plans vary, but they should indicate 
the most suitable way, like road markers, and avoid meandering lanes. Most 
writers, unless they have something better, follow a conventional outline such 
as the following: 

Title. This desirably is concise, descriptive, and favorable to accurate 
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indexing:.'’ Tims another investigator is more likely to find it in his search 
of the literature. Further discussion is given by Oberly (14). 

Introduction. This part often contains (1) a statement of the general 
subject, (2) the orientation, setting, and foundation on which the present 
investigation was made, but not a general literature review, and (3) the 
purpose of the studies described. 

Materials and, methods. This section usually ex])lains broader aspects 
of what was used and how tlie work was done. How^ever, certain details 
about individual exi)eriments may fit in better in the specific section where 
they are described. The validity^of research has its foundation on the 
method folJoW'Cd by the ilives!igato/*. The validity of his technique and the 
logic of his interjn-etations need to be clearly apparent and must be accepta¬ 
ble (cf. Raw lins, 17; Riker and Riker, 19). 

Ohservalion.s, ej-perimenfs, ami rcsiilis. This is the main jiart of the 
manuscript, containing brief descriptions of observations and experiments. 
Representative data and summaries of results should appear in a clear, con¬ 
cise, and logical form. Unimportant experiments and results, details of 
duplications, or data that cannot be interpreted are left out. Various sub¬ 
headings may be useful. Under each the data may be f)resent(*(l in their 
logical order and without regard to the seipiencc in which the experiments 
were performed. 

Discussion. In this portion the Avriter may answer the ((uestion ‘‘So 
what?” as he interprets the various data in relation to one another and to 
the foundation given in the “Introduction.” lie clarifies the meanings and 
imxdications of tlie vaj’ious results and may indicate jiossible future develop¬ 
ments. The reasoning done must be accurate and in accord with a recog¬ 
nized method of logic. Although in this place he can take a xianoramic rather 
than a keyhole view of the situation, he wisely avoids wTinging out of the 
results the last drop of theoretical imxilication. Summarization is avoided. 
If there is nothing important to discuss, this section should be omittcil. 

Rummarif. This is a brief resume of the results together w’ith the impor¬ 
tant c<»nclusions, and not a. general statement of the field of study. In a 
“note” occupying less than hvo printed pages, the last paragraph serves 
as a summary. 

Literature cited. Five or more references are placed in this separate 
seidion. Four or less appear as footnotes. 

Such an outline, and particularly “Observations, Experiments and Re¬ 
sults,” may be elaborated until every separate item of the paper has an 
enU*y. If the author does this in detail, he saves much time in later reor- 

5 For example, new oak disea^'e’’ is iaadequate. *‘The general importance, 
differential symptoms, and causal fungus responsible for a new wilt disease severe on rod 
and black oaks^' is too long. ‘‘The significance, symptoms, and cause of oak wilt” 
covers the essential points. “Studit's on ...” is omitted because it is implied before 
almost every title. The Latin name of the fungus is usually omitt(?d, especially if its 
common pme or the name of the. disease appears. If the. Latin name is used, the author¬ 
ity is omitted in the title, but is given in the text whore the name first ap^joars. 
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gjanization, since he can hold in mind the divisions of the subject and their 
relations to one another more easily during the outline stage. The actual 
writing of the pa})er moves along better because final units in tlie outline 
furnish the subjects for the paragraphs. Some writers develop the outline 
in such a way as to provide not only the topics but also the topic sentences 
of the paragraphs. At first, this ])rocedure may result in mechanical writ¬ 
ing, but, in time, this is easily overcome. Even so, it is better than dis¬ 
organization. 

PREPARATION OF THE TEXT 

Writing a manuscript need not be the disagreeable task often made of it. 
There is a technique for writing just as there is for making single-spore 
isolations—except tliat writing takes more time and patience to learn. How¬ 
ever, once the skill is ac(iuired, it can be a delightful means of self-expression. 

A Writer Has Responsibility 

An investigator stands before his colleagues and the public as an edu¬ 
cated man and has the obligation to show it in his writing. He makes correct 
use of grammar, rJietoric, and logic; he keeps his readers in mind; and he 
shows them th(3 consideration and courtesy of simple and clear exposition. 
He does not string together ponderous phrases without continuity, like wash 
on a back-alley line. 

The aim of publication is to increase knowledge (e.r/., interpret the past, 
take care of tiie present, and provide for the future) and to leave the field 
clearer than it was. The last calls for tlie proper balance throughout of 
unity, coherence, emphasis, and accuracy. It is necessary to use language 
that not only gives tJic iiifoi’iiiation but also gives it so clearly that it cannot 
be misunderstood. “Every i)aragra])li and every sentence in your paper 
should receive careful and repeated consideration, first, as to whether it tells 
the exact trutli; second, as to whether it is absolutely clear, ?.c., will convey 
the same meaning to all as to ymirself (try it on your friends, if they will 
submit to it); third, as to wlietlmr it is complete, or retpiires various addi¬ 
tions or qualifications—science is an eternal qualification; fourth, as to 
whether the sentences in it are entirely logical and move convincingly toward 
your final conclusions. These things can be determined only by repeated 
readings and much pondering'' (21). 

A publication is not judged by its length but (1) by the message it 
carries, (2) by the amount of well-directed and well-digested w^ork it repre¬ 
sents, (3) by the discrimination shown in distinguishing betw^een the impor¬ 
tant and the relatively unimportant, and (4) by the conciseness in present¬ 
ing the essential features. As a rule the more definitely a fact has been 
established by an investigator the more directly and simply it can be pre¬ 
sented. The doubtful facts have to be hedged about wth explanations, 
qualifications, and cautions. So brevity is an important quality. 
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A Premium on Brevity 

Many writers use roundabout, wordy expressions'^ and include much 
unnecessary detail. Then they are puzzled when reviewers say, ‘‘Condense 
the manuscript to one-half its present volume.’^ Such writers may think 
they are asked to omit many of their experiments and may feel resentment 
and frustration. 

Among the diseases of manuscripts, a diarrhea of words is perhaps the 
most common. A representative case may clarify the symx)toms and cure. 
Do you think the following paragraph, about the propagation of white x)ine 
selected for resistance to blister rult, is exaggerated? If so, you should see 
some examples collected from papers actually submitted. 

“The multiplication of resistant white pine trees by means of making 
grafts has been already demonstrated as a feasible possibility. On an ex])eri- 
mental basis, as was cxx^lained earlier, over 1000 grafts have been made and 
grown successfully during these studies in both green house and field condi¬ 
tions. Yet a graFted tree has been found relatively exj)ensive because of the 
necessity, according to in*esent techni<iue, of using green house s])ace in the 
winter time and cold frames in the spring. Counting scions, stock, ])ots, 
labor, et cetera, each graft is estimated to cost about 12 cents. This cost 
might be reduced somewhat if further research will be done to^rurthcr 
imxu’ove tln^ methods employed. It might also be reduced by juiting this 
operation on the basis of a large s(‘ale commercial production. Even at this 
relatively high figure grafting may now be done as a practical i)ossibility 
due to the high xiricc i:)aid for certain ty])es of ornimental planting. But the 
most promising means that lias apj)eared of reducing the cost of propagating 
rust resistant white pine trees is through the rooting of cuttings.’’ More 
things than cuttle fish hide themselves in their own ink (cf. Mav(*rick, 12; 
Barzun, 5). 

This paragraph can be reduced to about one-third the space, by omitting 
unimportant detail, can be clarified, and can be corrected (c.f/., it contains 
a dangling participle, some awkward phrases and four misspelled words) as 
follows (cf. Hiker ei aL, 20): 

“Grafting white pine is feasible for experiments. Yet grafted trees are 
relatively expensive now (about 12 cents each)-because they are propagated 

^ For example, some expresBions witli their shorter equivalents follow: 
it will be seen from the foregoiii|j these figures show 

it would thus appi'ar that - seemingly or apparently 
it is true that = admittedly 
V it is this that - this 

the fact that the cultures grew shows = the growth shows 
the question as to whether = whether 
during the time that = while 
' at an earlier date ~ previously 
with refereneo to-about or concerning 
the tre^itment having been XM’rfonned = after treatment 
under greenhouse conditions = in the greenhouse . 
goes under the name of = is called 
plants exhibited good growt.h = plants grew weU 
conducted inoculation experiments on = inoculated 
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in a greenhouse. Even so, grafting is possible for certain types of orna¬ 
mental planting. Although improved tecdiniqiie and Jarge-scale commercial 
production might reduce this cost, it will doubtless remain higher than that 
for cuttings.^’ 

Such condensation is prized by scientists who seek as many facts and 
ideas as possible in ten minutes of reading—but it may be anathema both to 
.iouriialists writing at so much per word and to readers seeking effortless 
entertainment. 

The rearrangement of words and phrases is really an interesting game. 
Of course, manuscripts can be cryj>tic and lose precision if condensed too 
much. While many adolescents might disagree, it would be a shame to 
reduce Caesar’s '‘Commentaries” to Sherman’s "War is hell.” The be¬ 
ginner might try condensing manuscripts written by others^ until he dis¬ 
covers how much fun it is and how to do it well. It is much more difficult 
for him to see and to correct the weakness in his own composition. 

Being Bull or Interesting 

la the clioice and arrangement of words lies the difference between dull 
and interesting com|)osition—providing one has something to say. Jleing 
dull involves, for example, (1) numerous cliches and platitudes, (2) ver¬ 
bosity and circumlocution (For goodness sake, come to the point!), (3) 
obscurity (What does he mean, anyway?), (4) the excessive use of the 
passive voice, (5) long pretentious words in stilted phrases,® and (6) expres¬ 
sions that do not fit together. All of these can be overcome with a little care. 
While ])erhaps no one would introduce into a report on potato late blight the 
lure, susiiense, and drama of love and murder, still technical writing need 
not make us yawn. For example, one can at least aim at satisfying organi¬ 
zation, directness, brevity, lucidity, (foncreteness, and even an occasional 
daring or sinewy phrase. AVords and exi)ressions that sugg(*st ])ictures and 
actions help to hold interest and to clarify meaning. Overstreet (15) has 
develoiHHl further this important subject.** 

Accuracy—a Prime Necessity 

The definitions of words are frequent sources of trouble (cf. Committee, 
8, 9). Words are the most valuable of scientific tools; they convey facts 
and ideas to others; but they can be dangerous. Occasionally some one 
extends a meaning without bothering to see whether it is valid, and thus he 
has a false sense of security. Many an argument has developed over differ¬ 
ent concepts for the same word. For example, "single-cell culture” applied 
to bacteria irieans for one person a culture from a single baederial colony in 
a Petri dish (and thus no direct evidence that it is free from mixture), while 

7 If you do try it, please use discretion. It may be no safer to criticize a man’s brjiiii 
child than to slap his little Tommie or Susie. 

8 They remind Maverick (12) of the ridiculous strutting pomposity and the “gob- 
bledygook' ’ of his turkey gobbler. 

» We have just seen a new and excellent aid to writing for easy reading. It is by 
Rudolph Flesch, ‘‘The art of plain talk,’’ 210 pp., New York [1946]. 
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for another it means a culture derived from an observed and a mechanically 
picked individual bacterium. If there is danger of a critical word being 
misinterpreted, the autlior may wisely explain just what he does mean. 

Emphatic expressions about conclusions are undesirable because of the 
space they occui^y and the suspicions they arouse. The clearly stated fact 
needs no reenforcing. If a writer says, “The data clearly show beyond 
possible question that . . . it suggests that he needs to convince himself. 
It reminds the reader of the timid boy who whistled to keej) up his courage. 

Teleological statements always arouse criticism. Two sentences may 
serve as examples: “The stomata^^closed in order to reduce further water 
loss from tlie leaves.” “The germ tubes formed appressoria on the cuticle 
to help send infection i)egs into the tissue.” These expressions, wliich sug¬ 
gest that stomata and germ tubes had a purpose for what they did, indicate 
illogical thinking, careless composition, and especially dei)arture from the 
approved scientific attitude. 

Trade names of fungicides are far from precise. Th(\v have appeared 
on materials that have been cluniged again and again in composition. Evcji 
when the container gives the formula, another investigator, esp(‘cially in 
future years, ma}’' not know exactly wlmt it was. Such trade names should 
not be used unless the chemistry of the product is given. When used th(\v 
are capitalized (Semesan, Vigoro, Hudson sj)rayer . . . ). 

Accuracy is a critical rc(|uiremeut in techni(*al writing. The scientist 
must scatter the fog of abstract or obscure expressions and let the light 
shine clearly on the concrete base of reality. If he is careless in reporting 
his work, he may be suspected of being careless in his experiments, in taking 
data, and even in thinking about them. The design and inter|)retation of the 
experiments need to be clearly in accord witli logical scientific meiliods (cf. 
Wolf, 27). Lucidity is the sovereign politeness of the writer; he' must make 
sure that his words can be given no unintended other meaning. 

To read accurately seems to be among the hardest things in this world. 
To misunderstand is among the easiest—because we tend to get the idea we 
expect to find, or we wish to find; and too often we may twist the meaning 
to make it what we like ((*f. Barznn, 5). Poor writing makes hard reading. 
Repeated lack of precision Ihrungh laziness oi* seaitei*brains suggests the 
adulteration of food; there is possible danger and certainly bad taste. 

A clear and sharj) line needs to be drawn between fact and opinion, 
betvveen reason and wishful thinking. The scientist should be objective and 
should formulate only conclusions justified by the, evidence. Deductions 
from preconceived notions or, mncli worse, from prejudice, indicate a mind 
closed to impartial and honest reasoning. Sooner or later they detract from 
a man’s standing and from scientific progress. Administrative pressure or 
]>ersonal ambition may lead to the misinterpretation or over-enthusiastic 
reporting of a valid new discovery. Examples are common. The salvation 
of the plant world has been announced repeatedly by extravagant and un¬ 
justified claims for such valuable items as fertilizers, sprays, seed treatments, 
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hormones, and a long list of others. When an investigator extends a gen¬ 
eralization, he is probably also extending his neck. He may well recall that 
‘^no generalization is true—not even this one.” 

One needs to be objective and to show consideration for his colleagues, 
especially when they are in error. Comments about one’s own research and 
that of others are in bad taste when personal, and in good form when 
factual. Disparaging statements commonly boomerang to the disadvantage 
of the writer. While spectators may enjoy the free show, who can throw 
mud and still keep his hands clean? Although Erwin P. Smith practically 
macerated Fisher in their well-known controversy, Smith lived to be ashamed 
of the way he did it. Difference of opinion and good-natured cojitroversy 
are healthful and stimulating, but ‘‘dog fights” are bad. Most conflicts can 
be settled best through correspondence, in conference, or by furtJier experi¬ 
ments without wasting space in print. After all, the question is not, ‘‘Who 
is right?” but “What is true?” 

Til is objective approach, when applied to earlier contributions by others, 
allots to each the treatment it deserves in relation both to the present contri¬ 
bution and to the subject as a whole. A nationalistic or a personal twist of 
the credit assigned to earlier work, either by omission or by minimizing its 
significance, can only corrode the writer’s reputation. The white radiance 
of established fact shines more beautifully if it is unsullied either by the 
sweat and blood of acrimoiiious controversy or by the odor of piffling 
jealousy and unenlightened ambition. 

Bad and Good Beginnings 

Novices in technical writing frequently get j^oor results for several 
reasons: (1) They have trouble writing a good “Introduction.” This is one 
of the most difficult jiarts of a paper. Even when the statement of the prob¬ 
lem, tin* scope of the work, the background, and the purposes are clear from 
the outline, beginners often have trouble. If they do, they may well pass 
ovei' it lightly or even skip to “Materials and Methods,”—perliaps the easiest 
])art fur the initial ell'ort. (2) They have not fiiiished, at least in prelimi¬ 
nary form, the text figures or tables and have insufficiently digested their 
results. They begin to write before they have decided which results should 
be left out, which used, and what they mean. They may be discouraged 
b(‘i*ause in the first draft they seek perfection; therefore, they may wreck the 
train of thought on the spelling of “de.si(»eate,’^ a dangling ])artieiple, or the 
choice between 50 cc. and 50 ml. (4) They allow insufficient time for writ¬ 
ing. When there is a deadline date, the pressure increases the difficulty. 
For example, after reviewing the litemture and after completing and digest¬ 
ing the experiments, a graduate student should allow 3 entire months for 
writing his doctor’s thesis. Even experienced and skillful writers seldom 
produce an excellent manuscript without going over it many times, without 
having several clean copies made, and without laying it aside to cool before 
final revision. 
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A happy way to bejofiii is to recognize that for the first draft the all impor¬ 
tant thing is to transfer the thoughts to paper. With an outline to serve as 
a guide down the main line and away from sidetracks, one can run light- 
heartedly and with disregard for spelling, punctuation, and rhetoric which 
might wreck the train of thought. At this stage the self-expression of per¬ 
sonality appears whicdi provides style and raises an otherwise dull subject 
to the level of pleasant reading. So long as the “spirit moves, tio question 
of detail is permitted to interfere. Some people find it helpful to imagine 
several listeners and to write as if talking to them. They may include 
everything possibly significant ai’^i later eliminate nonessentials during 
revisions of separate ]>arts. It is easier to cross off than to make inserts. 

Paragraphs Are Single Units 

Many wTiters place a single paragraph on one sheet of paper to avoid 
the clutter of cutting and pasting during later revisions. Then they can 
subtract, add, or move a single unit without disturbing other sections. 

The comi>osition of a paragra}>h varies with different circumstances, but 
desirably contains only one central i<lea. An investigator may consider a 
structure something like this: (1) to])ic^ in which the subject, but not the 
conclusion, is stated; (2) explanation of topic, in which a])j)ear aiiy neces¬ 
sary clarifications t>f terms or greater descri])tions of various items; (II) 
central part, in which is given the detail regarding the topic discussed; (4) 
conclusions, in wliich the writer^s estimate of the meaning of this detail is 
explained; and (5) transition, in which the connection between this f)ara- 
graph and the one following is .shown. The transition may appear as a 
word or phrase in the first sentence of the next paragraph. 

The chief objection to this form is a tendency to be stilted unless the 
transitions are skillfully handled, but this is a much smaller fault than 
obscurity. The topic sentences sometimes cause difficulty because, instead 
of the topic, writers place the conclusion first; then they (uideavor to justify 
it by the material that follows. This suggests an effort to prove a precon¬ 
ceived idea rather than to make an irniiartial evaluation of the evidence. 
Herein lies one of the basic differences between technical and news writing: 
a reporter tells the important thing first; he gives various details later. 

The chief advantage of writing so that the topic is clearly stated in the 
first sentence (and better still in the first phrase of the first sentence) is that 
the reader can glance rai)idly over the article; he can locate easily the para¬ 
graphs in which he is interested: he can skip everything else. And this is, 
after all, a critical test for good writing in a technical paper. This system 
is a little hard at first. But once a writer develops the habit, he saves much 
time in hunting through the manuscript for a particular item, especially 
after a clean copy has been made. Likewise, readers can glance rapidly 
through a stack of papers written in this way. Articles not so prepared they 
may file away for reading in a leisurely time—which never comes. 

Admittedly, there are other approaches. However, technical writing 
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has certain limitations. They prevent the writer from employing some of 
the interesting teeliniques useful in newspapers and popular magazines. 
For example, (1) a scientist must use the technical jargon (the shorthand) 
of his subject. It is required for brevity, clarity, and precision, even though 
it may be unintelligible to those untrained in this subject. (2) He needs 
to be brief, (,‘i) He should avoid even the appearance of personal bias and 
should state first the facts and then draw the conclusions. (4) When he 
must walk in those fields where emotions blossom to influence judgment, he 
considers only the valid data and logical inferences from them. He shuns 
the assessment of values he cannot measure. He differentiates fact from 
opinion. Such conditions are rather incompatible with the “human inter¬ 
est’^ sought by journalists. So within rather exacting requirements each 
scientist will use the best way for his purpose. But he should not hope to 
find a “short cut” for painstaking revisions. 

Revision Requires Time and Care 

Once the first draft has been made, its revision and correction call for 
a different approacli. A i*efresher glance at one of the many good hand¬ 
books of composition Woolley, Scott, and Berdahl, 28) is sure to be 
heli)ful. 

The correction of the text involves many details which are frequently 
merely conventions adopted for convenience, uniformity, and precision. 
Terminology ; spelling including c*Hi)italizatiun, abbreviation, and compound¬ 
ing words; ])unctuation; and citations are a few of the questions requiring 
sjiecial attention. Except where otherwise stated, PHYTOPATHOLOGY 
aims to follow the Public Printtu* (16).^'^ Attention is directed particularly 
to such abbreviations as: ce, for cubic centimeter (space) ; ml. for milliliter 
(volume, instead of cc.) ; gm. for gram; ami pg. for microgram (instead of 
gamma)—all with i)eriods. For spelling and common meanings of Avords, 
PHYTOPATHOLOGY follows Webster’s New International Dictionary; 
for special definitions,” recent reports (8, 9) ; for common names of plants, 
Standardized Plant Names (2); and for scientific names, the International 
Rules of Botanical Nomenclature (7). However, dissenters have their 
rights, and most editors defer to authors with A^alid arguments. The de¬ 
scription of a new fungus si)ecies should have a summary in Latin, and that 
of a new bacterial species, in Knglisli. Among others, Trelease and Yule 
(22) discuss the })rei)aration of scientific and technical papers, and Woglum 
(26) has assembled a list of improperly used words. 

An alteration in one ])lai*e frequently calls for a survey of the text for 

For sale by the Siiperiiitciidcnt of DocuuientH, U. >S. Government Printing Ofliee, 
Washington 25, 1). V. 

Some technical words are hard to define. The committee rc‘ports commonly give 
the best definitions, but i*ven they are more or less tentative. For example, among the 
various definitions for plant diseases” wo have this facetious one, “Plant diseases are 
the things jdant jjathologists work on.” If you know what we mean, a definition is not 
necessary; if yon do not, it does not hel}) much. Arc we reduced to saying, “Plant 
disease—you know what 1 ineiin”f 
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some distance, before and after the change, for correctibns dependent on the 
first. This deserves special emphasis. 

Should such details be left for the Editorial Board? Not until the 
Society pays its editors. Meantime, they perform an enormous and thank¬ 
less labor of love,’’ and they deserve to receive manuscripts in good form. 

The criticism of a manuscript by well-informed colleagues is eminently 
desirable. Even though it has been prepared with extreme care, has been 
reread critically by the writer a dozen or more times, and has received a 
number of retypiiigs, the suggestions of colleagues are sure to reveal various 
rough places and to discover statements which might be construed in two 
ways. It is a common experience that a man cannot edit his own manuscript. 
The examination hy others will guard against a misinterpretation of the data 
presented, against drawing conclusions from inadequate data, and against 
publishing a paper that may later be embarrassing, not only to the author 
but also to others in the same institution. Tabular and statistical matter 
particularly are to be checked. The values of such a procedure so far out¬ 
weigh the extra labor involved that such a review is required by most editors. 

Those Troublesome References 

Keferenees to other publications present majiy opportunities for error. 
Just as editors frown on long literature rcvi<'ws, so they discourage an exces- 
siv(! number of citations. Unless they are really necessary, a large number 
makes a pai)er a]>pear pedautii* rather than .learned. How often w(‘ see a 
gcmeral statement followed by a string of citations whem one or two would 
sei'V(^ as examples. 

An easy method, while pi*eparing a manuscript, is to enter in the text 
the name of the author with the year of publication. If the same author lias 
sev(*ral publications in a year, tliey are designated by letters Jones, 

1935.M. 19:15b, 19:35c. . . . ). 

The complete citation may l)e i>Jaced on a card of convenient size, the 
reference canls being kept in alphabetical order. The form of the citation 
is a convention and follows the best form in recent issues. Exami)le's appear 
at the end of this paper. In case of doubt, the plan suggested by Whitlock 
(25) is excellent. Tlie abbreviations for the titles of the periodicals may 
be prepared and interpreted according to ]3artholow’s (4) list. Before the 
literature cited is typed double spaced from the alphabetically arranged 
c.ards, every letter and number of the citatioji sliould be ch(‘cked against the 
original. Do you think this is a tedious, time-(*onsuming job? Obviously. 
Should it be left to the editors? Certainly not. 

Before the final copy is typed, frequently the author’s name and alw^ays 
the year of publication are replaced by numbers,’- corresponding to those 
in the alphabetically arranged ‘‘Literature Cited,” providing there are 5 or 
moie. Fewer citations are handled as footnotes. Once the list is done, any 

12 There are important arguments in favor of leaving the names of the invt'stigators 
and the year of publication in the text (cf. American Journal of Botany). 
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deletion or addition of a reference means changing many numbers both in 
the text, where they are easily missed, and in the “Literature Cited.For 
example, if a reference to a paper by Brown is added or removed, all the 
numbers applying to papers by authors following Brown in the alphabet 
must also be changed. 

THE FINAL COPY 

The final coi)y is typed double spaced with ample margins on good white 
bond paper (j:)referably about by 11 inches) and with at least 2 carbon 
coi^ies. Footnotes and legends for text figures and plates are typed immedi¬ 
ately btdow the first notation to them anti are set off from the text by a line 
above and another below. The printer likes a separate page carrying the 
legends of the text figures. Each table is typed on a separate sheet (so it 
can be taken out and given to a different typesetter) and inserted as a num¬ 
bered page in the manuscrii)! immediately after the ])agc on which the table 
is first mentioned. The manuscript is accompanied by a table of contents 
showing the I'ank of the various center headings and a statement of the 
number of pages, tables, and text figures. 

Th(‘ ('arboji copies smear less and are more easily read if each page is 
heated momentarily above the melting point of the wax in the carbon paper. 
As this wax melts, it is absorbed by the i)a}>er. The ^vax impression smears 
easily while hot, but is fixed after cooling. 

Wli(*n this final tyi)ing and its carbon <'opies have been made and checked, 
the author still has several details to consider. 

Before a manuscrij)t is sent off for publication, it is hoped that the writer 
can answ(M* “Yes” to the following (piestions: (1) Has every reasonable 
effort been made to find a flaw in the techiiiiiiie used and to discover any 
errors either in tlic observations and experiments themselves or in the con¬ 
clusions drawn from them? (2) Is it reasonably certain that, wdien able 
investigators rop(‘at the work, they must secure the same results and draw 
tlie same conclusions? (d) lias the size of the manuscript been reduced to 
the minimum compatible with clarity of presentation? (4) Have at least 
two ((ualified colleagues read and criticized the manuscript? (5) Has a 
competent statistician examined the tables and computations? (6) Do the 
illustrative materials, tables, and legends meet the recpiiremeuts of PHYTO¬ 
PATHOLOGY? AVill each figure and table fit well on the printed page? 
(7) Is there a reference in the text to every table, to every figure, and also 
to every imblication referred to in “Literature Cited?” (8) Has every 
entry in “Literature Cited” been clieeked against the original, and is the 
form of reference suitable for PHYTOPATHOLOGY ? (9) Have you pre- 

l)ared a table of contents showing the relative rank of the different headings? 
Have you written on the first page the total number of pages, text figures, 
and tables? (10) Wlien the paper was finished, was it laid aside for at least 
a month and then reexamined critically with a fresh viewpoint and without 
bias? (11) Has it been approved by the proper administrative office (if 
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this is required) ? (12) Is PHYTOPATHOLOGY the best journal for this 

manuscript f 

INCIDENTAL MATTERS 

After H manuscript has been received by the editor, two anonymous but 
well-qualified referees examine it. The time is shortened wdien the author 
sends in a complete duplicate of his paper, except for complex illustrations. 
While review ers do their best and are almost always helpful, they are human. 
The author must make sure that thej" have not introduced any mistakes. 
This editorial procedure seems necessary not only to maintain a satisfactory 
standard but also to assist the authors, so far as is humanly possible, to avoid 
serious errors. 

For any important corrections suggested, the manuscript goes back to 
the writer. However, wdien it has only minor editorial cluuiges, the manu¬ 
script goes to the printer and the author checks the changes when he reads 
the galley proof. 

Wliile no one needs to acliieve i)erfection, he should meet at least a satis¬ 
factory standard. If he fails in this, his paper either wdll be tielayed until 
he does accomplish it or wdll be rejected. 

After galley proofs arc received, errors are indicated by standard proof¬ 
reading marks (cf. Kiker and Piker, 19; or Public Print(T, 16). At this 
stage only essential alterations are permissible. Any minor changes in word¬ 
ing or punctuation are avoided. These, of course, shoultl have been made 
earlier on the manuscript, when a few strokes wdth a pen would have accom¬ 
plished the results. 

Typesetter’s errors shoi|ld be marked in red ink only on the galley j)roof 
sheets. The original manuscript should never be altered when read against 
the galley proof. Author’s alterations from copy should be indicated in 
black ink only on the proof sheets. The printer charges for the latter at 
the prevailing rate. The change of a single long wwd may require that the 
rest of the paragraph be reset. 

Abstracts of papers for transmission to Biological Abstracts are re- 
(luested at the time proof is returned to expedite their publication. Ordi¬ 
narily, the abstract does not exceed in length 3 per cent of the original paper. 
A guide for preparing such abstracts is available (6). 

Reprints arc ordered at the time proof is returned. 

SUMMARIZED RECOMMENDATIONS 

‘ As you prepare manu.scripts for PHYTOPATHOLOGY, you are re¬ 
quested, as far as it is feasible, to follow these recommendations. If at first 
some of them resemble armchair fiats, please consider the explanation for 
most of them in the preceding pages. 

Illustrations 

1. Plan in relation to page dimensions and allow for the space needed for 
a legend. 
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2. Avoid duplication of illustrative material and an excessive amount. 
The author may be charj^ed for illustrations and tables which combined 
occupy more than 20 per cent of the page space. 

3. When there are several similar illustrations, combine them into one 
figure whenever possible, but do not combine photographs and line 
drawings. 

4. Letter units of a comjiosite illustration (A, B, C, . . . ) on the picture 
itself. Letter specific parts of a unit (a, b, c, . . .). The author should 
employ either a skillful Jiaiid, a lettering guide, or suitable type.. Do 
not leave this to the editor. 

5. Submit only photograplis that arc glossy, have plenty of contrast, and 
have been mounted without wrinkles with rubber cement. 

6. Trim away unnecessary parts of photographs (flower pots, backgrounds, 
operators, nonessential plant parts . . . ). 

7. Use undiluted India ink drawings or silvertones rather than poor photo¬ 
graphs. 

8. Prepare drawings for ziiu? etchings on Bristol board or the equivalent. 

9. For graphs avoid green-line graph j)aper and typewritten labels or 
symbols. Use undiluted India ink on special blue-line paper, white 
paperboard, or tracing cloth. 

10. Make sure of a heavy, even, steady line; of size, clearness, and openness 
of lettering or stippling; and of accuracy of scales—all in relation to 
the reduction planned. 

11. If magnifications are indicated, calculate them for reduction of illustra¬ 
tion w’hen necessary. 

12. Indicate with blue pencil the reduction desired. 

13. Prepare legends that are brief but clear with little, if any, repetition of 
the text. Place author’s name, title of manuscript, figure number, and 
legend on the back of the figure. 

14. Pack illustrations well for mailing. Use plenty of corrugated paper- 
board or the equivalent to avoid wrinkles, folds, cracks, and dents from 
])aper clips. 

Tables 

1. Avoid long, complex, or undigested tables. 

2. Avoid too many tables—the most expensive part of a manuscript to 
print. The author may be cliarged for more than 20 per cent all told of 
illustrative and tabular material. 

3. Use the text rather than small tables whenever possible. 

4. Arrange the table to fit upright on the page (4§ by 7J inches in 1946) 
w^henevor possible. 

5. Number tables wdth arabic numerals (1, 2, 3, . . . ). 

6. Provide a complete table heading for every table. 

7. Provide clear and concise column headings. 

8. Letter footnotes a, b, c, . . . . 

9. Explain any symbols used in a table. 




974 


Phytopathology 


[VoL. 36 


Text 

1. Allow plenty of time for writing. Use a simple, direct style which is 
condensed, but not so condensed as to be cryptic or to sacrifice precision 
and clarity. 

2. Organize the material following logical sequences and not according to 
the order in which experiments were performed. 

3. Arrange the paper so that a reader can glance over it rapidly and can 
locate easily any special part he wisJies. 

4. Revise the manuscript until it has unity, coherence, emphasis, and 
acc.nracy, and until it is so (^ear it cannot be misunderstood. 

5. Avoid pompous, pedantic, or wordy ex])ressions and unnecessary detail. 
However, give all the facts necessary for a well-trained person to rej)eat 
the experiments. 

6. Be objective regarding your own results and those of others. Avoid 
teleological statements. 

7. Make sure that the reasoning follows a well-recogjiized system of logic. 
Likewise, be sure that in each exx^eriment or test you used an accei)tal)le 
method. 

8. Avoid long literature reviews and an excessive number of citations, but 
do not ignore relevant work of others. 

9. Distinguish clearly between statements supported by experimental evi- 
dejice and those based on speculations. 

10. Use headings and sub-heads, as well as good paragraphs, to enable the 
reader to ^‘skiin’’ the article for its general subject matter and to locate 
quickly ajiy detailed part he seeks. 

11. Provide a summary, usually )iot longer than 3 })er cent of the i)ax)er, in 
which the contributions are stated clearly and succinctly in si)ecifii*. 
terms rather than iji general statements of the field covered. 

12. Let tabular data and illustrations speak for themselves. Confine the 
text discussion to the meaning of the data. 

13. Avoid presenting data in diqdicate or triplicate, c.g., in graphs and 
tables, or in graphs, tables, and the text. Choose the best of the thrt^e 
forms and omit the others. 

14. Although experiments inust be done over and over to make* sure of the 
results, pr(\sent only representative or summarized data. 

15. Ex])lain new terms and terms not in general use. State the chemical 
composition of fungicides. 

16. Provide a Latin summary with the description of a new fungus si)ecies. 

17. Number tables, text figures, and footnotes (beginning each series with 
1, 2, 3, ... ) consecutively throughout the paper. 

18. Employ the conventions regarding, for example, abbreviations, plant 
names, and references to figures, tables, and literature citations. 

19. Type the final copy with heavy black ribbon, with double si)ace, and 
with ample margins on white bond paper. Approximately 8J by 11 
inches is the preferred size for paper. If the first carbon is sent with 
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the original, more rapid review may be achieved. Keep a carbon both 
for reference and insurance against loss. 

20. Plan papers that will occupy less than 2.printed pages as ‘‘Phytopatho- 
logical Notes. 

Literature Citations 

1. Handle 4 or less literature citations as footnotes. 

2. Arrange 5 or more literature citations alphabetically according to 
author at the end of the i)aper under the heading “Literature Cited.” 

3. Provide a complete citation—author or authors, complete title, complete 
refcnujc'e to jourjjal, bulletin, circular, book. . . . For a journal give 
volume, limiting pages, and year of publication. For a book give edi¬ 
tion, total numhei- ol* pages, year of publication, and city where pub¬ 
lished. 

4. In the body of the paper refer to literature citations by number. See 
that the numbers in the text and in the “Literature Cited” corresi)ond 
without any left over. 

5. (.-heck (‘very letter and every number in the literature citations against 
the original. 

Finishing Items 

1. It is hoped tin* author can answer “Yes” to the following questions: 

(a) Have you critically reexamined the methods, experiments, and 
conclusions? 

(b) Will further repetitions of the work yield the same results and 
conclusions? 

(c) Have yoti eliminated all unnecessary materials from text, tables, 
aTid figures? 

(d) Have two qualified colleagues criticized the manuscript? 

(e) Has a competent statistician examined the tables and calcula¬ 
tions ? 

(f) Have you met the conventional reiiuirements regarding illustra¬ 
tions, tables, legends, and references to them? Will the text 
figui'es and tables fit properly on the printed page? 

(g) Is there a reference in the text to every table, figure, and item in 
the “Literature Cited”? 

(h) Have you checked every entry in the “Literature Cited” against 
the original? 

(i) Have you pre])ared a table of contents showing the ranks of vari¬ 
ous headings and sub-headings? 

(j) Aft('r the paper was finished, did you lay it aside for a month and 
re(‘.\amiiie it critically with a fresh viewqioint and without bias? 

(k) IP recpiired, has the proper administrative officer approved it? 

(l) Is PHYTOPATHOLOGY the best avenue for publication? 

2. After two anonymous reviewers have criticized the maniiscrii)t, it will 
be returned to the author, if necessary, for his further cemsideration. 
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3. The author may be charged for an excessive number of tables, line cuts, 
and half tones if such materials all together exceed one-fifth of the total 
number of pages. 

4. Authors will make corrections promptly on the galley proof (not on the 
original manuscript). Mark typesetter’s errors in red ink and author’s 
changes from copy in black ink. Return the proof promptly and send 
back with it two copies of an abstract and any order for reprints. 

5. The author will be charged for any excessive changes of proof from the 
text. 

6. Care in observing these conventions find suggestions will help the edi¬ 
torial staff and will enable colleagues to share the pages available in the 
journal. 

Department of Plant Pathology, 

University op Wisconsin, 

Madison, Wisconsin. 
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PHYTOrATHOLOGIOAL NOTES 

A Pycnidial Strain of Macrophomina phascolV —During the course of 
work on root rots of snap beans in Georfi^ia, a strain of Macrophomina 
phaseoli (Maubl.) Asbby which produces pycnidia and ])ycnospores abun¬ 
dantly on ajiar media was isolated. This pycnidial strain (culture No. 75) 
was obtained from infected liypocotyl tissue of a snap bean seedlinj? having 
symptoms of charcoal rot at Expepment, Georgia, on May 25, 1944. The 
isolate was typical oJ' M. phasvoli, farming a black crust of sclcrotia over the 
surface of the medium. Jn about two weeks pycnidia appeared among the 
sclcrotia. Pycnospores embedded in a viscous fluid oozed from the pycnidia 
and collected in white, oi)aque dro])lets plainly visible to the naked eye. 
Fifty pyc'iiospores taken from a culturt* on thi*ee per cent malt agar measured 
14.0-110.8 X 7.(f-11.2 p. A year later 20 single pycnospore isolations were 
made from this strain. All of these isolates were similar to llie original 
strain; and all produced ])ycnospores on agar media, indicating that the 
strain was genetically stable. 

Among the 58 isolates of Macrophomhia phaseoli which have been exam¬ 
ined in this study, culture No. 75 is tlu‘ only one that has i)rodueed pyc¬ 
nidia on agar media. Attenji>ts were made, thercfoi*e, to find some means of 
inducing the other isolates to form pycnidia in culture. The most satisfac¬ 
tory method tried was the following: Dried* snap bean stems were cut in 
lO-inch lengths and soaked thoroughJy in \vater. The stems were then in¬ 
serted in large culture tubes 12 inches long, their basal portions being 
immersed in water to a depth of two ijiches. After sterilization, the bean 
stems w^ere inoculated wdth various isolates oJ‘ the fungus. Tlie majority of 
the isolates formed scattered pycnidia somewliere along the bean stems 
wdthin one month. The pycnidia wwe often elongated, compound, coralloid 
structures projecting above the crust of sclcrotia. By this inetliod, 85 differ- 
eni isolates of M, phaseoli were tested for the }>roduclion of pycnidia. Of 
these isolates, 17 were from Georgia and 18 w’crc from various other states. 
Three of the isolates from Georgia were furnished by Dr. J. L. Weimer, one 
from Georgia by Dr. G. E. Thompson, four from California by Dr. W. C. 
Snyder, one from Maryland by Dr. R. W. Leukcl, two from Nebraska by Dr. 
J. E. Livingston, and one from California, four from Texas, and six from 
Oklaliouia by Dr. E. C. Tullis. As is shown in table 1, only 20 of these iso¬ 
lates formed pycnidia. The pycnospore dimensions recorded in the table 
were obtained from measurements of 25 pycnospores from cacli culture. The 
isolates f]*om sorghum appeared to have been maintaint^d in culture for some 
time and to have degenerated to forms that produced an abundance of light- 
colored aerial mycelium and few' sclerotia. Changes in the fungus produced 
by growth on artificial media may explain the failure of these isolates to 
produce pycnidia. Most isolates of M, phaseoli undergo such changes in 

1 Paper No. 151, Journal Series, Georgia Experiment Station. 
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culture. It seems desirable, therefore, to work with freshly isolated cul¬ 
tures whenever it is possible. It must be noted, however, that of the 17 
strains from Georgia, the majority of which were freshly isolated, three 
failed to form pycnidia in culture under any conditions. Nevertheless, it 
was possible by this metliod to demonstrate the ability of most of these iso¬ 
lates of M. pha^eoli to form pycnidia, althoiifrh only a single isolate of the 
fungous formed pycnidia on ag:ar media. 

TAULE 1.— iJimniHionH of pycvosporca produced in culture 07 i snap bean stems by 
various isolates-^ of Maci'ophomina phaseoli 


Culture No. 

IMaco of 
origin 

Host 

Dimensions of 
pycnospores 

20 

Georgia 

Cowpea 

Microns 

21 

do 

do 

14.0-28.0x 6.2- 8.4 

24 

do 

Lima bean 

14.0-28.0x5.9- 8.4 

2.5 

do 

Cassia nicHtavs 

19.6-28.0x8.1-11.8 

43 

do 

do 


27 

do 

Crotalarin iult rmf din 

19.6-26.6 X 8.4-10.6 

28 • 

do 

Lcspcdc^a sp. 

16.8-22.4 X 6.2- 9.0 

29 

do 

Lactuco scariida 

16.S-.33.6x 7.8-11.2 

45 

do 

Codec wt*(‘d 

14.0-33.0 :< 8.2-11.2 

46 

do 

do 

16.8-26.6x8.4-11.2 

70 

do 

8wect potato » 


34 

do 

Snat» bean 

21.0-29.4x7.0- 8.4 

3.5 

do 

do 

16.8-33.6 X 6.2- 9.0 

36 

do 

do 

16.8-30.8 X 8.1- 9.8 

37 

do 

do 

14.0-22.4 X 7.0- 8.4 

38 

do 

do 

16.8-26.6x6.2- 9.8 

75 

do 

do 

11.7-22.4x8.4-11.2 

31 

Onlifornia 

Cantaloupe 

16.8-^33.6 X 7.8-11.2 

32 

do 

Tied Kidney beau 

19.6-30.8 X 6.2-11.2 

33 

do 

Bean „. 


42 

do 

Tomato 

19.6-30.8x6.2-11.2 

8.5 

do 

' Sorghum - > - . 

. 

30 

Maryland 

Sun flower 

.♦ . 

41 

Nebraska 

Corn 

19.6-30.8x7.8-11.2 

88 

do 

Sorghum 


• 39 

Texas 

Cowj>ea 

16.8-28.0 X S.1-11.2 

40 

do 

Sorghum 

14.0-21.0 X 7.8- 9.8 

84 

do 

do 


86 

do 

do 

. ' . 

87 

Oklahoma 

do 


89 

do 

do 


90 

do 

do 

. . 

91 

do 

do 

. 

92 

do 

do 

. 

93* 

do 

do 

. 


« Fifteen isolates failed to produce pycnidia in culture. 

Inoculations with pycnospores from culture No. 75 Tvere made on Tender- 
grreen snap bean plants of all ages from the seedling stage to full maturity. 
Drops of a suspension of pycnospores were placed on nonwounded stems and 
leaves. After allowing the inoculum to dry, the plants were iilaced in a 
moist chamber for 48 hours. They were then returned to benches in the 
greenhouse. Lesions appeared on the stems and leaves within two weeks, 
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resulting in the death of leaves and portions of branches and, ultimately, of 
ejitire plants. Excellent results were consistently obtained from inocula¬ 
tions with pycnospore suspensions when other methods of inoculation failed. 
Inoculations through the soil with oat cultures of Macrophomma phaseoU 
were successful only when the soil was inoculated prior to planting. The 
seedlings then became infected during emergence. It seems probable that 
more satisfactory results from inoculations with M. phaseoli on other crop 
plants might be obtained, if inoculations after emergence were made with 
I)ycnospore suspensions. 

Since use of this pycnidial strain has greatly facilitated inoculation 
exiieriments with Macropliomina phascoli on snap bean, it is offered to 
pathologists wiio are working on diseases of other plants caused by this 
organism in the belief that it may be helpful to them. Cultures may be 
obtained upon request to the (leorgia Experiment Station.—E. S. Litttrell. 

Georgia Experiment Station, Experiment, Georgia. 

/ 

Resisiance to Cercospom apii Frea. in Celery {Aphnn graoeoUna var. 
dulce). —The early blight disease of celery caused by Cercospara apii Pres, 
is one of the most destrnclive and widcvsjiread diseases of this crop. It occurs 
throughout the^Jnited States, but is particularly destructive in the southern 
states. In Florida it is necessary to apply Bordeaux mixture or other pro¬ 
tective fungicides 12 to 16 times during the growth of the crop to control the 
disease. 

Variety trials over a period of years at the Evergladtvs Experiment Sta¬ 
tion, Belle Glade, Ploi*ida, have failed to ilisclose a commercial variety of 
celery sufficiently resistant that it could be grown without the use of fungi¬ 
cides. However, in 1940 41 forty-eight fonugn eolh‘ctions of cehTy were 
planted at Belle Glade, F’lorida, and these were examined for resistam*e to 
early blight. The collection of varieties had been made by plant explonu’s’ 
of the United States De|)artment of Agriculture and had been released to the 
Everglades Ex[)eriment Station by the Department of Agricidture. Among 
this collectioji of foreign (*eleries there were seven varieties originally from 
Turkey whicdi remained free of early blight lesions and produced vigorous 
plants. This was in contrast to the extreme susceptibility of all conifuercial 
varieties from the United States. 

The resistant Turkish celeri(»s were dark green, hollow-petioled, strongly 
flavored plants, closely j'esembling celeriac. Tliey probably were types used 
for cooking rather than as a gnjcii salad. There was no possibility of devel- 
obing promusijig Jiew varieties by selling of single-plant selections from thesv 
varieties. 

Since climatic factors operate against successful breeding of celery in 
Florida, a number of plants from the seven early-blight-resistant varieties 
were taken up and shipped to the Department of Plant Breeding at (!ornell 
University in March and April, 1941. Only one of tliese plants flowered 

1 F. L. Wellman and TT. L. Westover. 
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during the summer of 1941 and an attempt to hybridize it with Cornell 19 
failed. The other plants produced no inflorescence during the summers of 
1941 or 1942. After storage in a cold-frame during the winter of 1942^-43, 
the plants were taken into the greenhouse late in January. Two plants 
flowered in May, 1943, and Avere eaged with Cornell 19 jdants which AVere 
in floAver. Flies were used to effect cross-pollination. Seed Avas obtained 
during the summer from each of the caged plants, and it was later learned 
that the following four crosses Averc established: PEI 115557 x Cornell 19, 
Cornell 19 x PEI 115557, PEI 120875 x Cornell 19, and Cornell 19 x PEI 
120875. 

The Pi plants were growm in a greenhouse at Cornell Uni\"ersity during 
the Avinter of 1943-44 and flowered in April, 1944. Nine Pa lines from these 
crosses Avere groAvn in the field at Belle Glade, Florida, during the winter of 



Fig. 1. An F., hin* of colory having a high dcgroc of rosistanec to Crrcnspora ap'n 
(at loft) and n siisco])til>lo ooinniorcial varioty (at rigljt ). 


1944r 45. Most of the plants in these lines Avere very large, dark-green, 
liolloAV-petioled, and considerably more resistant to (Urco^pora apii than 
('ommercial varieties. There were a few plants which had segregated to 
solid petioles. These offered the opportunity long desired of combining dis. 
ease resistance Avith a liorticiilturally acceptable plant type. TAventy-eight 
Po plants Avere selected as liigldy resistant to Ccrcospora apii. All of these 
liad solid, fleshy ])ctiol(‘s. Some were as green as Pascal celery, while others 
Avere a lighter green. Two selections Avere of the self-blanching type. The 
selected plants AV(‘re shipped to Ithaca, N. Y., in March, 1945, and seed Avas 
obtained from seveiilctni of tliem during the summer. Nineteen other Pj 
lines selected at Jthaca the previous summer also produced seed during 1945. 

A planting of 35 P;, lines was made at Belle Glade, Florida, during the 
Avinter of 1945-40. No protectiA^e fungieides Avere apjdied. Before the selec¬ 
tions Avere made the i)lants AA^ere scored on the basis of api)arent resistance 
to Ccrcospora apii. A score based on 10 points for complete susceptibility 
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was used. Lines scoring 1 or 2 had less blight than usually occurs in well- 
sprayed fields of commercial varieties. Scores above 3 would indicate too 
miicli bligJit, and if above 6 the celery would be worthless. On this basis 
three lines were scored 1; five were scored 2 ; ten were scored 3; twelve were 
scored 4; two were scored 5; two were scored 6 ; and one was scored 7. The 
Kilgore ^s Pride variety grown in the same plots was scored 8 . Figure 1 
shows a blight resistant F^ line at the left, and a susceptible commercial 
variety at the right. 

The resistance to Ccrcospora apii in these new celeries is due to more 
than a single genetic factor. There has been a segregation of plants inter¬ 
mediate between fully resistant and completely susceptible in the F^ and F 3 
generations. Even in the more resistant lines, there is evidence that the 
expression of resistance is modified by age and unfavorable cultural con¬ 
ditions. The green plants are usually more resistant than the self-blanching 
types. Most of the self-blanching segregates proved to be susceptible. 

Green color in the petioles is dominant over the self-blanching habit. 
Fo ratios api)roxiniating 3 green to 1 blanched indicate that the green color 
is due to a single doiriiuant factoi*. The intensity of the green color vai’ies 
and appears to be controlled by modifying factors. 

Hollow-petiole, or pithiness, was fully dominant in the and showed 
an Fy segregation approximating a 3 to 1 ratio at Ithaca, while at Belle Glade 
the percentage of solid-])eti<)le<l plants in the Fy secnuHl to be much lower. 
This suggests tliat there may be a modifying factor or faidors atfecting the 
expression of the 3 to 1 ratio for jnthiness under certain climatic or cultural 
conditions. 

Red color which occurs in the })etioles of some lines is inherited as a 
simple dominant. The Py generation showed a segregation of 3 T{h\ to 1 non- 
red. This color is expressed most strongly )iear the base of the petioles. 

The inlicritance of tlie facdors for ribbed oi* smooth ])etioles has not been 
studied, although it was observed that the majority of tiie lijies ai*e more or 
less ribbed. A few of the F., selections liad extrernedy smooth petioles. 

The (piality of several of the F., selections is high. They have very hf^avy, 
crisp petioles, and are not stringy. In some lines the base of the petiole is 
somewhat flared, and thickened. Rib length varies fi'om 7 to 15 inches in 
the different lines which have been selected. The fact that tlie b«\st select ions 
are of the green sorts should be no hindrance to the devidopinent of new com¬ 
mercial vai ieties from them. Pascal-type celeries have been gaining in ]mpn- 
larity and may ultimately supplant the self-blanching (‘eleries* in consumer 
preference. The new celeries have an niinsual flavor which is (hdicious in 
mixed green salads.—G. R. Townsend, Everglades Experiment Station, 
Bello Glade, Florida, and R. A, Emerson, Department of Plant Breeding, 
and A. G. NewuaiJj, Department of Plant Pathology, (Cornell TTniversity, 
Ithaca, N. Y. 



SOIL ACTINOMYCETES APPLIED TO BANANA PLANTS 
IN THE PIELD^ 

C 1. 1 1' 1’ O B 1> IT . M K B E D I T H 
(Accoptcd for piiliUc.itjoii July 27, 1940) 

lu November, 3942, the writer (1) observed that an actinomyeete, a 
Strepiomyvcs, isolated from a eomi)ost liea]) in a banana area near Port 
Maria, Jamaica, BritisJi West Indies, was antai^onisti (3 to Fusarhnn oxy- 
spornm 8(dil. var. cuhensc (E.P.Sm.) Wr. and Rjr., tlie Panama disease 
fuiifijns. A survey was then made to determine the prevalence of orjjjanisms 
antagonistic to F. oxysporum cuhcnsr in banana soils in Jamaica (2). One 
hundred and twent 3 ^-lwo orjianisms havhiji- sucli antagonism in culture were 
isolat(*d: 66 were slightl,y antagonistic, 39 antagonistic, and 17 very antago¬ 
nistic. Five of the actinomycetes classed as veiy antagonistic, numbers 412, 
512, 569, 976, and 1182 in table 1, were used in held experiments and are 


TAIU4E 1 .—The antagonintic effect of various actinomycetes on the growth of 
Fvsariiini oxysporum cuhense on Orange Fiver soil-solution agar 


Actiuoiny- 

C(*te“ 

Distance 

planted 

from 

Pusariuni 

Fiisarium growth towards actinomycetes 

6 days 20 days 35 daj^s 


cm. 

cm. 

cm. 

cm. 

3182 

1.3 

0.5 

0.8 

0.6b 

669 

1.3 

0.7 

0.7 

0.7 

343 

1.3 

0.9 

1.0 

1.0 

44^ 

1.3 

1.0 

1.1 

1.1 

344 

1.2 

1.1 

3.0 

1.1 

487 

3.1 

1.1 

1.1 

1.1 

462 

1.3 

1.0 

1.1 

1.3 

976 

1.3 

3.0 

0.9 

3.3 

353 

1.3 

1.1 

1.3 

1.3 

412 

1.3 

1.0 

1.5 

1.3 

512 

1.5 

1.2 

1.0 

1.5 

947 

2.0 

2.0 

2.1 

1.9 

671 

1.4 

1.1 

3.4r , 

3.6 

45 

1.1 

3.6 

5.3*1 


918 

1.4 

3.4 

5.6 


188 

1.4 

3.0 

6.0 


1 

1.1 

2.8 

6.3 


None 

(Mieck 

3.1 

5.5 


None 

C’hfck 

2.9 

5.4 

.. 

None 

Cljeck 

2.9 

5.8 



•Isolated from fields outside the Orange Uiver area. 

Shrinkage indicates lysis. 

c Where the growth is greattT than the distance apart the Fusariuin crossed over the 
line of the actinomycetes. 

The Fijsariiini had grown to the bottom of the test tube. 

referred to in this pai)or as general actinomj’^cetes. The antagonism of some 
of these isolates was snbstantiated by Thaysen and Butlin (4) who obtained 
cidtur(‘s of these actinomycetes and of F, oxysporum cuhense from the 
National Culture Collection in England. 

1 Acknowledgment is due tlie Jamaica Banana Producers' Assodation and the plant¬ 
ers in the Parish of St. James for support in tliis research. 

[Volume 36, Number 12, December, 1946] 
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In order to test these jjeneral actinomycetes under field conditions plans 
were made with the Director of Agriculture for Jamaica for an extensive 
field experiment at the Orange River Experiment Station of the Department 
of Agriculture in one of the chief banana growing areas in the island. The 
site selected for the experiment was known to be heavily infested with 
Fvsarium oxysporvm cuhcnsc, as banana plants with Panama disease had 
been removed only a few months jireviously (3). 

MATERIALS AND METHODS 

The general actinomycetes weiYgrown in test tubes with Fusaritim oxy- 
spontm cuhcnsr on Orange River soil-solution agar at 1.0 to 2.0 cm. apart. 
None of them exhibited as much antagonism on this medium as on agar made 
from their own soils, although one gave almost ecpial results. These acti- 
nomycetes were increased for use in the field. 

Samples of Orange River soil were examined for antagonistic actiuomy- 
cetes. Of those found, 1 was antagonistic and 7 Avere slightly antagonistic. 
The 1 antagonistic and 8 of the slightly antagonistic culture strains were 
increased, for field tests, by groAving them on guinea grass and soil in liter 
flasks. The contents of the flasks were mixed together, thinned AA’ith Avater, 
and sprinkled over the soil and suckers before the suckers Averc planted. 
Suckers were obtained from the Orangi* River property. 

There Avere five different plot treatments with 15 stools in each bed and 
7 replications. The treatments were as follow\s: 

Treatment No, 1. Ohec.k. This Avas the customary clean culture method 
of banana groAving in the area. 

Treatment No. 2. Mulch. Green guinea grass Avas (*ut from contour 
strips and pla(*ed around the stools. 

Treatment No. 3. Suckers and soil AAcre inoculated at the time of plant¬ 
ing with a mixture of the 5 general actinomycetes. 

Treatment No. 4. This A\as the same as treatment No. 3 Avith mulch 
added. 

Treatment No. 5. Suckers and soil Avere inoc\ilated at the time of plant¬ 
ing with a mixture of the four actinomycetes from Orange RiA^er soil and 
mulch AAas added. 

Green guint^a grass A\"as ai)[)lied three times during the year on the 
mulched beds. 

Smokers were plaiited on May 23, 1944. GroAAdh measurements consist¬ 
ing of height of plant, circumference of base, Avidth of Avidest leaf, and num¬ 
ber of leaves Averc made on August 8 and Otdober 10, 1944, and on May 9, 
1945. Record of Panama disease occurrence w'as also kept. 

REST7LTS 

Oencral Actinomycetes 

Mean growth measurements of plants in plots treated Avith general acti- 
nomycetes were higher than mean growth measurements of plants in check 
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])lots in August and October readings. The difference in height in October 
was statistically significant. 

Plants in plots treated with general actinomycetes gave higher mean 
growth measurements in August and October than jilants in plots treated 
with general acjtinomycetes and mulch. Three of these differences 'svere 
significant in August and two in October (Table 2). 

TABLE 2 .—Means of f/rowth measurements for banana plants 


Treatment 

Height 

Circum¬ 

ference 

Width of 
leaf 

N umber of 
loaves 


inches 

inches 

inches 


August Sj 1044 





Ulieck . 

:M.07 

4.90 

9.39 

8.04 

MiiMi . 

2*).0S 

4.09 

8.71 

7.87 

Act iiioinyccles . 

.‘14.51 

5.2.3 

10.24 

9.11 

Actiiioinyeetos ]>1iik mulch 

30.09 

5.05 

9.22 

8.10 

Oiuiige River aeliuoinyeetos plus mulch 

I 

.5.;; 2 

104)3 

8.83 

r . 

.‘l.Hia 

1.2 

3.42ft 

4.22b 

M.S.D.. . 

4.3r> 


L23 

0.73 

October .10, 1944 





• 'lUM'lv 

57.33 

8.L3 

14.07 

10.06 

Mulch . . , , 

57.02 

7.87 

14.57 

10.47 

Avtiuomycetes 

05.14 

9.04 

10.05 

10.09 

A<'liii(uiiy('ctes plus mulch 

59.70 

8.29 

15.50 

10.62 

Orange River actinomycetos jilus mulch 

70.84 

9.00 

17.18 

10.73 

y . . 

8.45‘> 

.3.07ft 

3.2a 

1.0 

M.S.P. 

0.03 

1.1 

1.73 



« Significant value, 2.78. 

*> Highly significant value, 4.22. 

The Effect of Mulch 

Plants in plots treated witli mulch alone were usually smaller than 
nnniul(*hed plants in clieek plots. 

Plants in ]>lots treated with general actinomycetes and mulch were usu¬ 
ally siruill(*r than plants in plots treated with general actinomycetes without 
mulch. The difference in the number of leaves in August was significant 
(Table 2). 

Orattge River Actinoonfcefes 

Banana plants in plots treated with Orange River actinomycetes on mulch 
gav(‘ the highest readings in three out of four measurements in August and 
in all measurements in October. 

In August, })lants treated with Orange River actinomycetes on mulch 
gave significantly higher measurements in height, leaf width, and number 
of leaves than those treated with mulch alone and those treated with general 
actinomycete\s on mulch. Plants treated wdth Orange River actinomycetes 
also gave significantly higher measurements in leaf width than those in 
check plots. 



986 


Phytopathology 


[VoL. 36 


In October, plants treated with Orange Kiver actinomycetes on mulch 
gave significantly higher measurements in height, circumference, and width 
of leaf than those in check plots and in plots treated with mulch alone. They 
also gave significantly higher measurements in height and circumference 
than plants in plots treated with general actinomycetes on mulcli (Table 2). 

Panama Disease Occurrence 

During the first five months symptoms of Panama disease appeared in 
26 stools (Table 3). These stools were distributed as follows: Check, 2; 

TABLE ^.--Occurrence of Panaiua tiuease in the elicclc, mulched, and actinomycctc- 
treaied hods from date of planting, May 1944, to May 9, 1945 


■ 


Plants with Panama 


Trcatiiieiit 

Missing 

stools 

(lisoaso 

May to Oct. to 

Oct., May, 

TToulthy 
stools, 
May, 1945 



1944 

194.5 



No. 

No. 

No, 

No. 

Chock . 

3 

o 

71 

29 

Mulch .. 

3 

5 

75 

22 

Actinomycolos . . 

2 

12 

53 

38 

Act in oiuycotes plus mulch 

3 

3 

73 

26 

Orange Eiver uctiiiomycctos plus mulch 

I 

4 

75 

24 


Mulch, 5; General actinomycetes, 12; General actinomycetes with mulch, 3; 
and Orange Kiver actinomycetes with mnlcli, 4. Such early attacks are 
generally attributed to infection in the slickers before they are plantc'd. 
During the last seven mont's 348 stools iveut down with Panama disease. 
The final distribution of diseased stools was: General actinomycetes, 53; 
Check, 71; General actinomycetes witli mulch, 73; Mulch, 75; and Orange 
River actinomycetes on mulch, 76. 

DISCUSSION 

The general actinomycetes which had been classed as ‘‘ very antagonistic/’ 
on their own soil had less effect on growth of banana plants in Orange River 
soil than Orange River actinomycetes, in spite of the fact that the latter had 
been classed as antagonistic” and ‘^slighlly antagonistic. ” This fact raises 
the question of the essential nature of such antagonism. 

Mulch, in these experiments, appeared to be detrimental to the growth 
of banana plants. This is in agreement with the fact that clean culture 
methods of banana cultivation have been found to be most satisfactory in 
Jamaica. 

The plants in plots treated with Orange River actinomycetes and mulch 
gave the highest measurements the greatest number of times. The detrimen¬ 
tal effect of mulch was apparently overcome to some extent by the presence 
of antagonistic actinomycetes functioning on their own soil. 
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The Oranfre lliver plot on which these experiments were carried out was 
known to be heavily infested with Fusarium oxyspomm cuhense. Some of 
the plots from which the “very antafronistic’^ general actinomycetes were 
taken were known to be areas in Avhich the sj)rcad of the disease had been 
less rapid than w^as the geiiei’al rule. Even though the disease w^as present, 
over a period of several years fcAver plants had succumbed to it than in 
nearby areas. The nature of this “natural resistance’’ was not know’ii. 
Waksman (5) states that “20 to 40 per cent of all actinomycetes are known 
to be capa})le of producing antibiotic substances.” This might have some 
bearing on tlie case as the most antagonistic actiiioinyeetes came from fields 
where natural resistance was high. 

Althougli the plots treated w ith tlie general actinomycetes produced the 
largest number of plants free from Panama disease, the difference was not 
significant because of the wide variation in the number of diseased plants 
in tlje replications within the treatments. 

There was also indication that the mulch increased the occurrence of 
Panania disease' but again the difference w^as not significant. It must be 
pointed out that only one* application of actinomycetes was made in these 
experiments at the beginning w hen the plants were set out. 

summary 

Significant differences in growih measurements wore found to exist be- 
tw’een plants growm on plots treated with actinomycetes of varying degrees 
of antagonism and those grown without such treatment. 

Treatment Avith “antagonistic” and “slightly antagonistic” actinom}''- 
cetes on their own soil resulted in greater grow^th increases in banana plants 
than did the treatment wdtli “very antagonistic” actinomycetes from other 
soils. 

GroAvth measurements of plants treated wdth mulch did not compare 
favorably Avith those of unmulched plants. 

Plots treated Avith “very antagonistic” actinomycetes from other soils 
produced fcAver plants Avitli Panama disease than did plots treated Avith 
“antagonistic” and “slightly antagonistic” actinomycetes from Orange 
River soil. 

Botany and Plant Pathology Section, 
loAVA Agricultural Experiment Station, 

Ames, Iowa. 
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HELMJNTHOSPORIUM ROT OF TOMATO FRUITS 

L. P. McCOLLOCHl AND FLORA G. POLLACK 2 
(Acc.optod for publication August 8, 3946) 

The demand for fresh tomatoes in the United States from November 
until May is greater than tlie domestic supply. The importation of tomatoes 
during this period is prineij)all 3 ’' from Mexico, Cuba, and Haiti. Mexico 
alone shipped more than 8,000 earloa/ls of ‘‘green-wraijped” tomatoes into 
the United States and Canada during the 1944-45 season (9, 10, 11). The 
producing areas are largely confined to three States in Mexico; Sonora and 
Sinaloa on the west coast with an estimated 49,000 acres i^lanted for the 
1945^6 season, and Taniaulipas on tlie east coast with 0,000 acres. 

In the past 11 years United States plant quarantine ins])e(*tors hav(* occa¬ 
sionally intercepted fruits with decayed spots that were unlike tht' usual 
tomato diseases encountered in the domestic crop. The first interception of 
this disease Avas made from a shipment of tomatoes from Mexico in April, 
1934, hy J. R. Wood of the Bureau of Entomology and Plant Quarantine, 
U. S. Department of Agriculture. Since that time 16 additional interc(*p- 
tions of diseased fruit from Mexico, 2 from Haiti, and 1 from Britisli Guiana 
have been made by jdant (piarantine inspectors. 

The diseased specimens were sent to John A. Stevenson of tin* Division 
of Mycology and Disease Survey, U. S. I)e])artitient of Agriculture, who sug¬ 
gested that the disease and causal organism be studied. 

DE^^CRTPTION OF DISE.\SE 

Specimens of the rot intercepted at ports of entry were characterized by 
circular to irregular areas on the fruit, 10-30 mm. in diameter, covered by 
a dense w’eft of dark gray to almost black mycelium which completely ob¬ 
scured other spot characteristics. 

The fungus was isolated from the intercepted specimens and the isolates 
Avere used to inoculate mature green tomatoes, and from these the character¬ 
istics of the rot were observed. 

The lesions were flattened to slightly sunken, at first circular, but becom¬ 
ing irregular as the decay advanced. Considerable variation was found in 
the surface coloring of the lesions, but in general it was distinct from other 
tomato rots. The tissue about the point of infection was usually dark or 
black. The most variable character was the extent of the cream-colored area 
surrounding the dark center. It was nearly always present at temperatures 
of from 60^^ to 80° F. and served as a striking diagnostic character (Fig. 1, 
A, B). A darker area ranging from bay to burnt sienna to mahogany i*ed ' 

1 Associate plant pathologist, Division of Fruit and Vegetable Crops and l)i«i*a8es 
and 2 assistant mycologist. Division of Mycology and Disease Survey; Bureau ot‘ Plant 
Industry, Soils, and Agricultural Fngineoring; Agricultural Research Administration; 
Ignited States Department of Agriculture; Beltsvillc, Maryland. 

8 The descriptive color terms used in this paper are those given in Robert Ridgway's 
Color Standards and Color Nomenclature, 1912. 
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surrounded the cream-colored area. Occasionally there were lesions that 
advanced slowly at 70° F., in which the cream-eolored area never developed 
(Fiji*. 1, C). Sneh lesions resembled those caused by Alternaria. At lower 
temperatures, especially at 50° F., tlie spot Avas poorly defined; the funj^iis 
penetrated the tomato so slowly that at the end of a week the tissue was not 
completely killed, but had a bronzy appearance (Fig. 1, D). When these 



Fin. 1. Tomato wlioii mature jjroon with Ilrlminihosporium carponaprnm. 

A and B, tvi)it'al do(*av at and at 80"' F.; C, variation also ])roduc*ed at 70* F., which 
rosoinblcd Alternaria rot. D, sympttuns of infection produced at 50* F. Photographs by 
Lilian A, Guernsey. 

fruits were transferred to higher temperatures the lesions gradually became 
like those develoi)ed at higher temperatures. 

Tiie rot eonsisted of a firm spongy mass of decayed tissue which extended 
deeply into the fruit but caused no offensive odor. When fruits with ad¬ 
vanced decay were cut, dark gray mycelium was evident through the necrotic 
tissue. 

MORPHOLOGY OP THE FUNGUS 

Sporiferous areas can usually be located on diseased tomatoes by their 








990 


Phytopathology 


[VoL. 36 


darker coJor, which is due to the dark-colored conidiophores borne singly or 
in clusters (Fig. 2, B) on the skin of the tomato. Conidiophores arc erect, 
many-septate, 140- 500 x 6-10 |.i, sometimes tapering to a width of 4-6 \x at 
the apex which is often paler. The base of the conidiophore (Fig. 2, A) con- 



Fiq. 2. Helminthosporium carposaprum: A, enlarged conidiophore with bnlhous 
base; B, typical conidiophores mth conidia, develoijed on the skin of tomato; C, conidial 
chain; D, type of conidiophore developed in culture; E, F, and G, variations in conidia. 
Photographs A and B by Marcel Foubcrt, G through G by Lilian A. Ouernsey. 
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sists oi* a thick-walled, dark brown, bulb-like cell, 12 -16 x 10-12 |j. Under 
conditions of high humidity conidiophores are produced as lateral or termi¬ 
nal branches of the hyphae (Pig. 2, D). These are usually narrower (4-6 |j) 
and may be very sliort projections from hyphae, or as long as the conidio¬ 
phores ai-ising from a fruit. Geniculate conidiophores were not observed. 

Conidia are usually cylindrical, occasionally tapering, with an obtuse to 
rounded basal end and apex. TJie apex tends to become obtuse when secon¬ 
dary conidia are formed there. Long chains of acropetally produced conidia 
are frequently observed (Pig. 2, C). The conidia are sub-hyaline to dilute 
olivaceous, straight or curved, 1 15 septate, 28-220 x 6-12 n, usually 120-160 
X 8-10 (Pig. 2, B, P). Budded conidia are usually smaller, paler in color 
and often continuous (Pig. 2, G). Spores germinate by the production of 
one or two polar germ tubes which piiss through the inconspicuous hila that 
may be formed at both basal and apical ends of spores. 

SYSTEMATIC TREATMENT 

Prom specimens received in 1934 and 1938, John A. Stevenson recognized 
the causal fungus to be distinct from Hflmmthosporium tomato p]ll. and 
Barth. (3) which is reported to occur on decayed tomatoes. In 1942 Miss 
Bditli Cash Avorking on two other sj)ecimens reported that conidial dimen¬ 
sions were similar to those of Helmmihoaijorium lycopersici Maub. and 
Eoger, but that conidiopliorc length was diffci-ent. H, lycopersici was de¬ 
scribed from tomato leaves in Africa by Maublanc and Koger (5) July 10, 
1936. Roldan (6) used the same binomial for a fungus which he described 
from leaves of Lycopersicon from Luzon, Philippine Islands, in the same 
year. The account of his fungus appefirs in the June, 1936, issue of the 
Philippine Journal of Sci(mce, Avhich Avas not actually published until Sep¬ 
tember 2, 1936, as noted in the table of contents of volume 60, for 1936. 
Maublanc and Roger, therefore have priority in the use of the name. It has 
not been possible to determine Avhethcr the tw’o fungi are synonyms due to 
lack of specimens for comparison and to the inadequacy of the description 
of Maublanc and Roger. 

Compai-ison of Roldan's description and illustrations Avith the Hehnintho- 
spormm under investigation here reA'^ealed ditferences in size, shape, and 
color of the fructifications. A si)ecimen of Helminthosporium rhopaloides 
Pres, reported on dead tomato stems has been examined and found to have 
shorter and darker conidia and conidiophores (7; 8, Pig. 831), 

Por the fungus under discussion, AA’hich does not appear to have been 
described, the name Helminthosporium earposaprnm is proposed, the specific 
epithet being suggestive of the fruit rotting effect. 

DUGNOSIS'* 

Helminthosporium carposapnun Pollack sp. nov. 

Maculae in fructibus Lycopersici escnlenti plerumcpie per mycelium prae- 

* The authors wish to express their appreciation to Miss Edith K. Cash for her help 
in the prepnration of the Ijatin diagnosis, and to John A. Stevenson for his suggestions. 
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crassum fumentem usque nigelluiu vestitae; coiiidiopliora in periy)heria 
maeulae, sing:ula veJ eaesi)itosa, fusca, recta, multi-septata, 140-500 x 6-10 jj 
ad a])i(iem 4-6 p crassum, pallidum attenuata, basi obsciiriori, i)achypleuro, 
bulboso; conidia acro^^eiia, eylindracca, ad basim et apicem obtusa usque 
rotundata, interdum attenuata, recta vel ciirvata, subhyalina usque dilute 
olivacea (obseuro olivaceo-bubalina Kidjrway), 1~15 septata, 28-220 x 6-12 p 
frequenter 120-160 x 8-10 p pleruimjue catenulata. 

Lesions on tomato fruit predominantly cream-butf with a darkened 
area around the infection point, Avith the outer zone of the spot bay, burnt 
sienna, or mahoganj:^ red. Spot characteristics usually masked by an over¬ 
growth of a thick weft of dark gray to almost black mycelium. 

Conidiophores appearing around the edge of the spot, singly or in clus¬ 
ters, dark, erect, many-septate, 140-500x6-10(1, sometimes tapering to a 
wiath of 4-6 p at the relatively paler apex, with a dark, thick-walled, bulbous 
basal cell, 12 16 x 10-12 p, attached to the skin of the fruit. 

Conidia produced at the tips of the conidiophores only, usually in long 
chains, cylindrical with obtuse to rounded base and apex, sometimes taper¬ 
ing, straight or curved, sub-hyaline to dilute olivaceous (dark olivaceous buff 
according to Ridgway), 1-15 septate, 28-220 x 6-12 p, most oL'ten 120-160 
x8-10p, germinating by means of one or two polar germ tubes passing 
through the hila. 

On fruit of Lycopcvisicon cscidcnfum grown in Mexico, Haiti, and British 
Guiana. Specimens are deposited in the Mycological Collections, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, U. S. Department of 
Agriculture (T 3 ^pe No. 71481 on inoculated tomatoes). 

CULTTTKAli RESPONSES 

Helmint/ujHiJorium carposaprum greAV readily on various nutrient media 
such as cornmeal, string beau, i)ruiie, and potato-dextrose agar. The fungus 
also flourished on autoclaved green stems of tomato and of a coarse wild 
grass. Growth at 70*^ to 80° F. was ra])id and the fungus sporulateid Avithin 
5 to 7 da 3 "S. Irregularities hi the size and shape of sjiores and conidiophores 
are common in culture. Conidiophores arise onl.v as lateral or terminal out- 
groAvths of hypliae and are scarcely" distinguishable from the mycelium. The 
conidia are smaller in culture than on the tomato fruit, and frequently pro¬ 
duce secondaiy spores which in turn often produce still other spores. Long 
chains of these spores are common in culture as well as in nature. Similar 
tendencies toAvard catennlation have been reported by Drechsle'r (2), by 
Berg"(l), and by Olive (4). Another cbaracteristic in culture is the pro¬ 
duction of sporoplioric processes from the apices of spores, and chains of 
spores interspersed Avith tliese sporoplioric structures are often seen. This 
characteristic has also been reported by DrechsJer (2) and by Berg (1). 

TEMPERATURE STUDIES 

In the temperature studies of the fungus in the fruit, the temperature 
range was primarily' confined to those encountered in commercial handling. 
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However, inoculated tomatoes were stored at 32°, 36°, and 40° F. to observe 
the possibility of infection at these lower temperatures. This wider ran^e 
was also employed in the studies on nutrient media. 

ON TOMATO FRUIT 

Growth measurements of the fuiif^us lesions were made in order to obtain 
the rate at which decay developed at 80°, 70°, 60°, 55°, and 50° F. Mature 
jrreen tomatoes used in this study were either purchased in a Washinj?ton, 
D. C., market or jrrown at the Plant Industry Station. A series of four tests 
were made usin" from 12 to 24 fruits for each temperature in each test. The 
fruits Avere washed in 50 per cent alcohol, dried, and inoculated by iusertinj? 
bits of mycelium in small oblique wounds. One inoculation was made per 
fruit. The fruits were wrapped and stored at the above temperatures. 
Measurements were made after 7, 14, and 21 days had elapsed. Figiire 3 
show^s the effect of temperature on the rate of development of the lesions. 



DAYS 

Fig. 3. Elfect of temperature on rate of development of lesions on mature green 
tomatoes produced by H elmh (hospori u m car pom pr tun. 

Decay lesions developed slowly at all temperatures during the first week. 
At the cud of 14 days and thereafter, there was a sharp contrast betw^een 
development at the higher temperatures of 70° and 80° and that at 60° F. 
and below, as is shown in figure 3. The indications are that a sizable rot can 
develop on mature green tomatoes during shipment and ripening when tem¬ 
peratures are about 70° F. or above. However, the fungus was tolerant of 
lower temperatures. Wliilc decay at 60° F. and below w^as slow, it was in 
such a stage of development that the lesions enlarged rapidly when the fruits 
were removed to the ripening room at 70° F. The fruits were weakened by 
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subjection to 32®, 36®, and 40® P.; no infection was evident at 32° or 36° 
during? 30 days but there was slight infection at 40° P. after 10 to 14 days. 

ON AGAR PLATES 

Measurements to obtain the rate of growth of the fungus in culture were 
made at 80°, 70°, 60°, 55°, 50°, 40°, 36°, and 32° P. Pive to 10 Petri plates 
with 20 cc. of Czapek’s agar were used at each temperature and the test was 
repeated. The inoculum, consisting of a small amount of mycelium, was 
planted in the center of the agar and the plates were stored immediately. 
Measurements of the diameter of the^coloiiies were made after 7, 14, and 21 
days. 



Fig. 4. Effect of tem])cratiire on growth rate of Ilelminthosporium carpomprum on 
Thaxtor’s agar in Potri j)latos. 

Figure 4 shows that the Hclminihosporium growth rate was approxi¬ 
mately twice as rapid at 80° as at 60° P., fully twice as rapid at 70° as at 
55° P. and about twice as rapid at 60° as at 50° P. No measurable growth 
occurred at 40°, 36°, or 32° P. during 21 days. However, when examined 
with a hand lens, the inoculum in those plates stored at 40° was found to be 
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covered with new {jrowtli, while at 36^^’ and 32° F. it seemed dormant. 
Colonies developed when those y)lates w^ere transferred to room temperature. 

A comparison of the diannder of the fungus colonies on aj^rar with the 
diameter of the lesions on the fruit at the end of 3 weeks showed that the 
colonies on af?ar increased from 2 to 5 times as much as the lesions on the 
fruit at corresponding temperatures. 

INFLUENCE OF TEMPERATlUtE ON SPORE GERMINATION 

Spores were placed in sterile water and in diluted prune juice and stored 
at 80°, 70°, 60°, 55°, 50°, 40°, 36°, and 32° F. Within 24 hours germination 
had started at 50° F. and above. By the end of 72 hours, some spores were 
germinating at 40° F. and after 9 days about 35 per cent of these spores had 
germinated. Si)ores held at 36° and 32° were found to be dormant even 
after 22 days. 

EFFECT OF FREEZING 

Vigorous cultures of ihe Ilelniinlhosporium on Thaxter’s agar slants 
were placed at 36° F. to determine tlie effect of such a low temperature on 
the survival of the fungus. Transfers from withdrawals after 6, 7, 9, 14, 
21, and 51 days gave viable cultures, but cultures exposed for 63 days were 
dead. 


INOCULATION EXl'ERIMENTS 

Tomaio Plants 

As most species of Hclminihosporinm are associated with leaf-spotting 
diseases it seemed of interest to test the pathogenicity of the tomato fruit- 
rotting fungus on tomato })lants. Potted plants that had started to bloom 
Avere used for these tests. The leaves were punctured with a needle, making 
one or two groups of holes in each leaflet. The inoculating was done by 
atomizing an aijueous spore suspension on the plants. Inoculated and non- 
inoculated lAlants were then placed in a humid chamber designed to keep the 
air automatically saturated with water. 

Extensive sjiore germination was observed in 24 hours in the unused 
portion of the inoculum which Avas left in the humid chamber with the 
plants. The margin of the ])uuctui’es in the leaves became blackened after 
24 hours, but there Avas never any manifestation of disease. 

The experiment was repeated, and for part of the material to be inocu¬ 
lated plants Avere selected that Avere pot bound and physiologically" weakened, 
as shown by a general yellowing of the foliage. In the second test the vigor¬ 
ous plants (Fig. 5, B) again failed to develoi) the disease but necrotic lesions 
developed about the punctures of the devitalized plants (Fig. 5, A), from 
Avhich the Helminthosporium Avas recovered. These experiments indicate 
that the fungus did not cause a leaf spot of tomato when the plants Avere in 
a reasonably good state of vigor. In addition to the leaf inoculations, mats 
of mycelium were inserted into the plant stems, but failed to become estab¬ 
lished or cause lesions. 
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Tomato Fruits 

Mature f^recn tomatoes, when inoeiilated by inserting a mat of mycelium, 
developed a sizable rot hy the time the fruit was ripe, as is shown in the 
discussion on temperature studies. 

^To test a smaller amount of inoculum, mature green tomatoes were punc¬ 
tured with a sterile jieedle and dipped in an aqueous spore suspension. Test 
lots were stored at 40“, 50°, 55°, 60°, and 70° P. Infection was erratic and 
slow. Lesions 1 to 2 mm. in diameter were evident on some fruits stored at 
60° P. for 9 days. 



Pio. 5. A, Leaf from dovitalizeci tomato plant showing Holminthosporiiim lesions 
forming around points of ino(*ulation. B, Leaf from vigorous plant failed to develop tin* 
diseast*. Photograph by Lilian A. Guernsey. 


Other Plant Products 

To study the behavior of this fungus further, fruits from certain other 
plants were inoculated by inserting a mat of mycelium under the skin, and 
storing them in moist chambers at 60° P. 

Slow decay developed on York Imperial apples (Maius sylvestris Mill.), 
scallop squashes (Cnrcurhita pepo Mill.); moderate decay developed on egg¬ 
plant fruit {Solarium mrlongcna L.) and bell peppers {Capsicum frutescens 
var. grossum Bailey). Tlie fungus was unable to cause infection in orange 
{Citrus sinensis L. Osbeck) or lemon {Citrus limon (L.) Burm. f.) fruits. 

The dec^y lesions on the apple fruits were firm and remained small, about 
10 mm. in diameter, even though the fruits were held until they broke down 
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from over-ripeness. Ronnd, firm lesions from 6 to 8 mm. in diameter devel¬ 
oped on scallop squashes in 9 days. The firm, round sunken lesions devel¬ 
oped slowly on egf^plant at first, measuring 10 to 15 mm. in diameter in 9 
days, but the decay continued to spread ajid eventually consumed a large 
part of the fruit. Decay developed more raj)idly on bell peppers with 
lesions of irregular patterns. 


discussion 

The studies on Ilcimirithosporium carposaprum indicate that it is a weak 
parasite both in the field and on mature green tomato fruits during trans¬ 
portation and subsequent ripening. The fungus failed to produce leaf spots 
or stein lesions on vigorous tomato plants in spite of wounding and favorable 
infection conditions. Lesions developed, liowever, around puncture wounds 
when plants in a low state of vigor were inoculated. The fruits appear to be 
more susceptible than other parts of the plant, but a sizable amount of inocu¬ 
lum is necessary to produce a decay that will affect the marketability. It 
seems probable that in the field the fungus grows on weakened plant tissue 
and debris and that this material then becomes a source of infection for 
tomato fruits. 

Fi’om the limited reports at hand, Hclminthosporium carposaprum does 
not appear to cause a s(n*ious disease. From observations of infection at 
40° and 50° F. it seems probable that infection is encouraged by low tem¬ 
peratures and light frosts unfavorable to the fruit in the field, such as are 
encountered in Mexico during the growing and harvesting season (9, 10, 11). 
It is believed that the interception of tomatoes with sizable decay at ports 
of entry is the result of careless sorting and grading rather than the rapid 
devel()])ment of the fungus in transit. 

From inspe('tors’ records for the past eleven years, there seems to have 
been no extensive increase in this disease, and no record of its presence in the 
United States. In view of this, and from the results of these studies, it seems 
unlikely that this fruit rot will reach serious proportions in the United 
States. 

SUMMARY 

The study of an undcscribed rot of tomato fruits intercepted in imports 
from (rerlain tropical or subtropical regions is reported. The cause of the 
disease, demonstrated by i)ure culture inoculations, is an undescribed species 
of Ilchninlhosporium. This is now described under the name Helminfho- 
sporiu ni carposaprum. 

Inoculation of tomato stems, foliage, and mature green fruit indicated 
that the fungus is a weak parasite. 

The fungus caused slow to moderate decay when inoculated into the har¬ 
vested fruits of eggplant, bell pepper, scallop squash, and apple, but not of 
orange or lemon. 

Temperature studies of the fungus on tomato fruits and on artificial 
media indicated tolerance to a wide range of temperature. Of the temiiera- 
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tures tried, the best growth was obtained at the higher temperatures, 70° and 
80° F. There was slight development of the fungus at as low as 40° F. and 
the fungus remained viable after 51 days at 16° F. 

The HeUninthosporhim fruit rot of tomato does not appear to have in¬ 
creased significantly during the past 11 years. Although tomatoes from 
those areas in which the disease is found have been imported during this 
time there is no record of occurrence of the disease in the United States. 
Plant Industry Station, 

Beltsville, Maryland. 
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THE EFFECT OF FUNGICIDAL SEED TREATMENTS ON 
GUAYULE SEEDLING EMERGENCE 

B A I L JS Y S L F, E T H 1 

(Accepted for publication August 20, 1946) • 

INTRODUCTION 

In 1942 and 1943 the Guayule Emergency Rubber Project, under the 
direction of the U. S. Forest Service, established several large gua^aile 
{Parthenium ar(jniiatnm Gray) nurseries in Calirornia for the production 
of planting stock. Pre-emergence losses in these nurseries and especially 
those located at Salinas wlicre most of the field planting stock was produced, 
ranged from moderate to heavy. The average seedling emergence varied 
from 40 to 50 per (-eiit of the germiiiablc seed sown and seldom exceeded 75 
per cent. Because of poor and unsatisfactory emergence in 1943 approxi¬ 
mately one-fourth of the nursery beds had to be resown in two of the Salinas 
nurseries. Damping-off fungi, Pijthium and lihizocioniaf have been re¬ 
ported ( 8 ) as the iirincipal cause of iire-enicrgence losses. Post-emergence 
damping-off did occur but the losses were comparative! 3 " low in 1942 and 
1943 when the gua.vule nurseries were being operated on a large-production 
scale. 

As a part of the gen(*ral researcdi pi-ogram to facilitate the guayule rubber 
emergenc.v production program, inve.stigational work was undertaken to 
determine the cause 01 * causes of poor seedling emergence and to develop 
iMUitrol measures. The r<*su 1 ts of greenhouse, nursery, and field tests are 
lierein reported, 

DA.MUING-OFF Fi:Nai 

Various fungi have been isolated b}^ the writer and others (4, 5, 7) from 
young guayule seedlings afi'ected with damping-off and seedling root rot. 
or these, Pifihium vUinnim Trow was predominant. However, various 
Fusaria were isolated fre(|uently and a Rhhoefonia .sp. was isolated occa- 
sionallj’. Several other fungi, considered to be non-pathogeiiic and com- 
jiionl^' obtained in culture from iilants affected with damping-off, were also 
obtained. 

Pathogenicity tests wTre made in the greenhouse with main" of the iso¬ 
lates obtained from diseased seedlings. All of the isolates of Pythium vlti- 
niuii) and Rhizocionia tested were rouiul to be virulent pre-emergence and 
seedling i*oot-rot pathogens. The results were inconclusive as to tlie patho¬ 
genicity of the several Fusaria i.solated. Phyfophihnra drcchslcri Tucker, 
which was isolated from root-rot lesions on older plants (7), was found to 
attack and kill emerging guayule seedlings but was not isolated from 
damped-off nursery seedlings. 

Of the many fungi associated with damping-off in the nurserj" and field 

1 Formerly Associate Pathologist, Special Guayule Besearch Project, Bureau of l*laut 
Industry, Soifs, and Agricultural Engineering, U. S. Bepartincjit of Agriculture. Now 
Pathologist, Division of Soils, Fertilizers, and Irrigation. 
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sowings in California, Pythium ultimum is considered the most important. 
However, the sum total of the losses caused by the other funj^i may bo much 
j»Teater than now suspected. 

SEED 

Botli threshed and unthreshcd guajuiJe seed have been used in nursery 
and direct field sowings. However, most of the seed sown for production 
purposes has been unthreshed. Threshed seed lias been used in both nursery 
and direct field sowings in large scale tests and was found to be ecpial or 
superior to the unthreshed seed. Both sorts of seed were used in testing 
various fungicidal seed treatments, l^ie unthreshed seed (2, 6) consists of 
an achene with attached floral parts, and in threshed seed the accessory floral 
parts ha\'e been mechanically removed from the achene. 

The percentage of filled or potentially viable seed varied greatly between 
different lots and was usually lower in the uiithreshed than in the threshed 
seed. In the thresliing and cleaning jirocess many of the unfilled seed were 
removed. The percentage of filled secnl usually ranged from 30 to 40 in the 
uiithreshed lots, and from 60 to 70 in the threshed lots. These wide varia¬ 
tions in filled seed, as well as in the ]>er(‘entage of germinable seed,® account 
for many of the discrepancies in seedling emergence between tests. 

It has been a standard practice to pretreat unthreshed seed wit!) sodium 
hypochlorite. Essentially the treatment (,1) consists of soaking the seed in 
water for 18 to 20 hours and then treating the seed for 2 hours Avith a solu¬ 
tion of sodium hypochlorite containing I.O to 1.5 j)er cent available chlorine, 
after Avhich the seed is tlioroughly washed, dried, and stored. The purj>ose 
of the hypochlorite treatment is to increase the germinable per(*entage of 
recently harvested guayule seed. Benedict and Robinson (3) found that the 
hypochlorite treatment accomplished this primarily by increasing the ])er- 
meability of the seed coat which surrounds the embryo. While tlie hypo¬ 
chlorite treatment (])retreatment) is not ai)|)lied for its fungicidal action, 
it effectively eliminates surface seed-borne organisms. Since both Ijypo- 
chlorite-treated and untreated seed may be treated with seed i)rotectants 
(fungicides), the hypochlorite treatment is referred to as a pretreatmeut. 
Threshed seed may also be pretreated Avith sodium hypochlorite, although 
its practical A^alue is (juestionable. Benedict and Robinson (3) have shoAvn 
that either threshing or aging in the open, or both, Avill improve seed germi¬ 
nation. They conclude “that in so far as germination is concerned the very 
expensiA^e (sodium hypochlorite) seed treatment now given guayule seed can 
be eliminated by using achenes alone that have been stored in the opeji for 
six months or by producing seed in (hot) climates such as that at Indio, Cali¬ 
fornia, and holding it for a year before planting. 

FUNGICIDES 

A number of seed protectants were tested for pre-emergence dam})ing-off 
control on both threshed and unthreshed guayule seed which had or had not 

2 By germinable seed is meant those seed which will germinate readily, in 10 to 14 
days, under usual seed laboratory or greenhouse conditions. 
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been pretreated with sodium hypochlorite. The fungicides tested for pre¬ 
emergence damping-off control were Arasaii (50 per cent tetramethyl thi- 
uramdisulfide), Fermate (70 per cent ferric dimethyl dithioearbamate), 
Cuprocide (98 per cent red cuprous oxide), Spergon (98 per cent tetra- 
chloro-para-benzo(iuinone), Spergonex (^^-benzocjuiiione dionium i)eroxide)y 
Semesan (30 j)er cent hydroxymercurichloroplienol), U.S.R. No. 604 (2,3-di- 
chloro-l,4-napJithocpiinoiie), and Mersolite-19 (phenyl-mercuric-salicylate). 

Of the various fungicides used, all have been reported on as seed protec¬ 
tants by various workers at one time or another on crops other than guayule 
with the exception of Mcrsolite-19 (9). Since reports on their efficacy may 
be found readily in the literature, no specific citations arc given. 

The fungicides were applied as a dust to dry seed. The most commonly 
used fungicidal dosage Avas 1 ])er cent by weiglit. The seed to be treated or 
dusted and the dcvsired amount of fungicide were placed in an airtight con¬ 
tainer, either a small jar or a rotary s(^ed treater depending on the amount 
of seed to be treated, ajid thoroughly mixed by shaking or rotating the con¬ 
tainer for approximate!5 minutes. When 300 seeds or less were to be sown 
in a single flat or row th(» seeds w^rc counted and placed in a coin envelope 
after the rungici<le was applied. The usual practice was to sow within 3 or 4 
days after treatment. However, delays of 10 to 14 days or longer did not 
reduce seedling emergence. 


GREICNUOUSK TESTS 

Unless otherwise indicated, 200 seeds were sown in each replication. The 
seeds were sown on soil in flats and covered Avith about inch of pasteurized 
sand. Tlie sand was kept moist by frecpient watering in order to secure 
maximum emcrgeiu'c. Seedling emei’geiu'C was counted daily. The effect 
of the various seed treatments is based upon tJie total number of seedlings 
that emerged by the 15th day. 

In most of the emergence tests in the greenhouse both pasteurized and 
fungus-infested soil were used. Dampiiig-oft* fungi were eliminated from 
raw soil by means of a continuous soil pjisteui'izer (10). In the 6 minutes 
re(iuired for passage through the pasteiii’izer the soil was heated to 200^ 
to 210® F., a temperature considerably higher than the 150° F. used by 
Tavernetti (10) to control damping-off caused by species of Pythium and 
Rhkocionia. Fungus-infested soil was obtained by infesting pasteurized soil 
with various isolates of Pythium and Rhizoctonia, wiiich had been isolated 
from nursery damped-off guayule seedlings. 

Effective Fungicidal Dosage 

Preliminary tests were made to determine, within limits, the fungicidal 
dosage re(iuired to give adequate pre-emergence damping-off control in 
fungus-infested soil. In general, the most effective dosage for Arasan, 
Semesan, Spergon, Spergonex, and Cuprocide w^as 1 per cent when used on 
either threshed seed or on uuthreshed seed which had been pretreated with 
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sodium liypoohlorite. No apparent injury was caused by any of these 5 
fungicides, at dosages of 1 per cent or Jess, to the germinating seed and 
emerging seedlings in either i)asteurized soil or soil infested with Pythium 
and RhizocAonia, 

Seedling emergence was better in both pasteurized and fungus-infested 
soil when the seeds were treated w'ith a 0.25 i)er cent dosage of No. 604 than 
with 0.5 or 1 per cent dosages of the same protectant. In the case of the 
pasteurized soil this difference was large enough to be significant indicating 
the possibility of chemical injury from dosages of 0.5 per cent or higher. 
However, this indication of injury was partially offset by the results from 
the fungus-infested soil where the difference in emergence between the 0.25 
and 0.5 per cent dosages w^as not significant. On unthreshed hypochlorite- 
treated seed the emergence resulting from the 3 different dosages did not 
differ greatly. 

Comparative Seed Treatment Tests 

Three greenhouse tests (Table 1) were made to compare the effectiveness 
of 7 different fungicides in the control of pre-emergeiiee damping-off when 
used on either threshed or unthreshed seed, or on unthreshed sodium hypo¬ 
chlorite-treated seed. The fungicidal dosages used were 0.25 per cent for 
Mersolite-19, 0.75 per cent for No. 604, and 1 per cent for Arasan, Spergon, 
Semesan, and Spergojiex. There were 10 replications of each treatment in 
pasteurized soil, in soil which had been infested with cultures of Pythium 
and Rhizoctonia, and in raw or nontreated soil from the' Alisal Nursery. 
Damping-off fungi were prevalent in tlie nursery soil. On the basis of iso¬ 
lations from affected seedlings the most ])revalent Avas Pythium ultimum. 

In nursery and inoculated soil infested Avith Pythium and Rhizoctonia 
the increase in emergence from seed treated Avith Arasan, No. 604, and Merso- 
lite-19 was significantly greater thaii for any of the other treatments on both 
threshed (Fig. 1) and unthreshed seed Avhich had not been pretreated Avith 
sodium hyi)ochlorite (Table ]). On unthreshed seed which had been pre¬ 
treated Avith sodium hypochlorite all of the fungicidal treatments increased 
emergence about ecpudly except Mersolite-19 which gaA^e little or no increase 
in emergence over the checks. With the exception of Mersolite-19 on hypo¬ 
chlorite-treated seed, there Avas little or no indication that the fungicides at 
the dosages used in these 3 tests caused any chemical injury. In all proba¬ 
bility the 0.25 per cent dosage of Mersolite-19 was excessive when dusted on 
hypochlorite-treated seed and the chemical injury Avhich resulted tended to 
offset its protective value. 

The effects of the different fungicides on the rate of emergence when 
dusted oji both threshed seed and hypochlorite-treated unthreshed seed sOAvn 
in fungus-infested soil are given in figure 1. Seedling emergence was well 
under Avay by the 4th day after soAving for most of the treatments and con¬ 
tinued at a rapid rate until about the 7th or 8th day Avhen it began to 
level off. 

Seedling emergence tests were made to determine if the standard sodium 
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liypo(*hlorite pretreatmcnt would give effective x)re-emergeiice protection 
against damj)iiig-off fungi and to compare its jirotoelive value with that of 
Arasaii and No. 604. The results indicated lhat the sodium hypochlorite 
treatment did give some api)arent protection against pre-emergcnce losses 
but that the increase in emergence was considerably le.ss than that secured 
by the use of either Arasan or No. 604. Seedling emergence in fungus-in¬ 
fested soil was significantly better for threshed seed which had been treated 
with Arasan and No. 604 than for threshed seed which had received only the 
hypochlorite treatment. Ilow^cver, with liypoeblorite-treated seed damping- 
off control was better when the seed was dusted with Arasan than wdth No. 
604. On the other hand, in pasteurized soil the dusting of threshed hypo¬ 
chlorite-treated seed with No. 604 (‘aused a significant decrease in emergence. 
This reduction in emergence was attributed to chemical injury. Sodium 
hypochlorite-treated seed appeared to be more sensitive to chemical injury 
than the raw seed. In this series of tests, as well as others, seedling emer¬ 
gence ot* threshed nonhyimeldorite-treated s(*ed in i)asteurized soil was in¬ 
creased by dusting the seed with either Arasan or No. 604 (Table 1). The 
increases wei*e so pi'onounced in some instances as to suggest the possibility 
of a stimulative action. 

NUKSKKY TESTS 

TJiree s(‘ed protectaids, Arasan, Spergon, and Semesau, which were pro¬ 
curable on the local market, were used in two trial nursery sowings in the 
Alisal Nursery in the sjn*ing of 1944. The treated seed were sown in plots 
of sufficient size to j)ennit the use of regular nursery equipment. The seed 
was Hown and covered witli about one-fourth inch of sand by a seeder devel- 
01)0(1 especially for tin* sowing of guayule seed. All cultural operations were 
(*om])arablc to standard nursery practices (1). The amount of water applied 
by the overh(‘ad sjirinkler system and fre(juency of application w^ere similar 
to those in the nurseries in 19411. 

Seed used in the nursery tests were: (1) dry threshed seed wdiich had 
not been prcdreated with sodium hy])ochlorite; (2) dry unthreshed seed 
wdiich had been pr<‘tr(*ated with sodium hypochlorite and (3) soaked or pre¬ 
germinated seed which had re(*eived the regular sodium hypochlorite pri'- 
treatment. The fungicides, dosage 1 per cent by weight, Avere applied as 
dust to the dry seed by means ol* a small rotary drum-type seed treater. In 
case of the soaked .seed, the seed w^as first ilusted with the fungicide and then 
moistened with tap water. Twic'e as much w^ater by weight w’as used as seed. 
The dam])ened seed Avas thoroughly mixed and placed in open-top 5-gallon 
cans in the laboratory AAdiere it Avas kept for 4 or 5 days before sowdng. Dur¬ 
ing this soaking period the seed was stirred tAvice for aeration. 

Only one kind of seed, threshed, dry unthreshed, or soaked uiithreshed, 
wm sowm in a nur,sery section composed of 9 or 10 nursery beds 400 feet long. 
Each bed was divided into 4 equal plots, 100 feet long, and Avas treated as a 
randomized block wliich included each seed treatment. The first soAAung was 
on April 30 and the second on May 20. 
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The daily average temperature during the eritieal period of 10 days fol¬ 
lowing sowing ranged from about 55^ to 60° P. For the same period the 
maximum temi)eratiire exceeded 78° F. on two days only and the minimum 
temperature did not falJ much below' 50° P. These temperatures W'ore favor¬ 
able, but somewhat low'er than the optimum, for germination and emergence 
as indicated by greenhouse tests in which 70° to 80° i)roved to be more favor¬ 
able for emergence than 65° or lower. Also, Benedict and Kobinson (3) in 
laboratory tests found that optimum germination of guayule seed occurred 
at 68° to 77° F. 

p]mergence counts were made 2 or 3 times a week for 4 weeks following 
sowing in “ count])lots w'hieli liaO^beeii estabJished at random before any 
seedlings had emerged. These plots consisted of a linear foot section of bed, 
4 sq. ft. with 4 to a replication. In order to secure as accurate measure as 
I)()ssible of emergence, the seedlings w^rc pulled out at time of counting. 

Hesttlts of Treatnirni 

All three fungicidal seed treatments of dry threshed seed increas(*d emer¬ 
gence over checks in both the April and May sowings (Table 2). In only 
one case was the increase not statistically significant at the end of 30 days, 
and this W'as near the bodcrline of significance. The emergence of threshed 
seed dusted wdth Arasan was better than for the otlier treatments. In the 
April (Table 2) sowing 79 per cent of the germinablc seed dusted with 
Arasan had emerged by the 3()th day afttu* .sow ing, and 87 per cent of the 
viable seed in the May sowing. 

In the May 20 sow ing of dry unthreshed seed pretn^ated with sodium 
hypochlorite all treatments gave an increase in emergence over tJic check, 
but only Spergon gave a sig'dfi<‘ant increase (Table 2). There w'as no sig¬ 
nificant difference in emergence between tn^atments at the end of 30 days in 
the April 30 sowing. No chemical injury was apparent with any of tlu' 
treatments. 

In the April 30 sowing, fungicidal seed treatments of soaked unthreshed 
seed pretreated with sodium hypochlorite did not significantly incr(*ase emer¬ 
gence (Table 2) over the control. In the May 20 sowing a significant in¬ 
crease in emergence w^as secured with both Arasan and Spergon. Seedling 
emergence from seed dusted with Sem(*san w^as sparse and scattered in both 
the April and May sowings and averaged less than 5 seedlings per square 
foot. Because of this failure, emergence counts of Semesan-treated seed are 
omitted from table 2. The deleterious action of Semesaii apparently oc¬ 
curred during the 4-day period the seed was held in a moist condition prior 
to sowing. 

The rate of emergence was somewhat more rapid in the April sowing 
than ill the May sowing. In both cases emergence levelled off 18 to 20 days 
after sowing following a rather pronounced break about the 12th day. The 
difference in emergence between the two sowings, wlien based on viable seed 
sown, was not great enough to be considered important. 
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The inevitable loss which follows emergence occurred with all of the 
treatments in both the April and May sowings. There were no indications 
that the fungicidal seed treatments were etfectivc in reducing post emergence 
losses. These losses (based on total emergence) ranged from 10 to 20 per 
cent for the different treatments at the end of 4 weeks after sowing. In a 
seedling density count made 8 weeks after sowing, the average loss of 
emerged seedlings had increased from about 15 per cent at the end of 4 weeks 


TABLE 2.— Effect of Arasan, Spergon, and Semesan on guayule seedling emergence 
in the nursery 



Gerzninablc seed 
sown per sq. ft. 

Emerged seedlings per sq. ft.—30 days 
after sowing 

Sown April 30a Sown May 20^ 

U tl I'UibXXldAb ■■ 

April 30 May 20 

Total 

Percentage 

of 

gcrminable 

seed 

Percentage 

Total 

seed 


Number 

Number 

Number 

Per cent 

Number 

Per cent 

Dry threshed seed 







Arasnii 

70 

68 

60.37 

79.43 

59.29 

87.19 

Sperguii 

76 

68 

46.33 

60.96 

43.96 

64.65 

Semesan , 

76 

68 

44.59 

58.67 

40.16 

59.06 

Check 

76 

68 

40.51 

53.30 

39.33 

28.43 

Dif. reep for sig. 



5.13 


6.74 


Dry unthreslied hypochl()rit{^ 







troated seed 







A rasan 

81 

91 

40.05 

49.44 

59.31 

65.18 

Spergon 

81 

91 

42.54 

52.52 

62.74 

68.95 

Semesan 

81 

91 

44.05 

54.38 

60.45 

66.43 

Check 

81 

91 

43.07 

53.17 

54.09 

59.44 

Dif. req. for sig. 



3.23 


7.99 


Soaked imthreshed hyiio- 







chlorite-trented seed 







A rasan 

89 

73 

39.53 

44.42 

40.21 

55.08 

Spergon 

89 

73 

49.64 

55.78 

38.15 

52.26 

Semesan . 

89 

73 





Check . 

89 

73 

49.62 

55.75 

31.85 

43.63 

Dif. req. for sig. 



5.86 


4.75 



* Ten replications of each treatment. 

*^Nine replications of each Ireatuient. 

to approximately 25 per cent 4 weeks later. These losses were caused by 
post-emergeii(*e damping-off, seedling root rot, soil splash, weeding, and 
insects. No attempt was made to evaluate the losses attributable to any one 
cause because of the difficulty involved in making accurate determinations. 

FIELD TESTS 

The feasibility of guayule production by direct field sowing, as well as 
the production of nursery stock by furrow irrigation, has emphasized the 
importance of obtaining satisfactory seedling emergence and uniformity of 
stand under conditions different from that found in the nursery. Since 
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protectants were of benefit in iiiereasinj^ seedling emergence in the nursery 
and ill the greenhouse, it was expected that similar results would be obtain¬ 
able in subirrigated field sowings. However, it was realized that, while the 
conditions were similar in many respects in nursery and field sowings, there 
were also differenc'es. In i*ommon nursery practice the seed is sown in beds, 
covered w^ith sand and watered by an overhead sprinkler system, while in 
the field the seed is drilled in rows, covered with soil, and furrow irrigated. 
Because of these differences in sowing and watering it seemed probable that 
the germinating seed and emerging seedling would be subjected to greater 
pre-emergence hazards in field sowings than in the nursery. 

Subirrigation plot tests were ii'&de during the summer of 1944 to ascer¬ 
tain the effectiveness of seed protectants in direct field sowings. Dry seed, 
either threshed or iiiithreshed, from two seed lots of strain 593, either 35-G 
or B-38, collected in 1943 were used. Only seed which had not been pre¬ 
treated with sodium liypochlorite w’as treated with fungicides but the stand¬ 
ard sodium hypochlorite treatment was imduded as one of the treatments. 
The check or (*ontrol received no chemical treatment. 

The se(‘d was sown with a Planet Jr. seeder in an open V-type furroAv 
1 to li inches deej) and 2 to 4 inches from the edge of a shallow' irrigation 
furrow'. An (‘ffor*t was made to cover the seed with a minimum amount of 
soil. The rear jiress wheel was removed from the seeder and the seed w'as 
covered only with the soil that incidentally rolletl or drifted onto the seed 
from the sides of the furrow'. In this manner the seed was sown at the bottom 
of the furrow on firm or fairly compact soil and <'Overed with J to .{ inch of 
loose soil in 30-foot row i)lots. 

The plots were furrow' irrigated every other day for 2 to 3 hours. How¬ 
ever, this schedule was sometimes varied, depending u])on W’(*ather conditions 
and obvious need of irrigation. An effort was made to keej) tlie seed suffi¬ 
ciently moist for optimum germijiation and emergence rather than to follow' 
a predetermined irrigation scJiedule. 

Frequent emergence counts w'ere made starting wdth the earliest emer¬ 
gence and continuing uj) to 14 or 15 days after sowing. The center 15 feet 
of the 3()-foot plots were used for emergence counts. 

The air and soil surface teiuperatur(‘s were generally i'avorable lor germi¬ 
nation and emergence during July and August. The average air tempera¬ 
ture during the two months was around 60° P\, except for a few days in the 
third week of August when it w'as slightly lower. The soil temperature at 
a depth 0.5 to 1.0 ineh averaged 10° F. higher than the air temperature. 

' Results 

In this series of experiments both the Arasan and No. 604 treatments 
increased emergence significantly over the hypochlorite treatment in both 
threshed and unthreshed seed (Table 3). Emergence in the check was uni¬ 
formly poor in all cases. Seed dusted with No. 604 gave a significantly 
higher emergence than threshed seed treated with Arasan. On uiithreshed 
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TABLE 3.— Effect of fungieirlal seed ircaimciUs on gvayule seedling emergence in 
furrow irrigation testu^ 


Emerged Boedlings 


Tvratment ThroMlied s(»ed Unthreshed seed 



July 13b 

July 13 

Aug. 2 

July 13 

Aug. 2 


Per ernt*^ 

Per cent^ 

Per cent^ 

Per cent^ 

Per cvn 

A rasan 

39.36 

25.29 

26.21 

36.15 

57.29 

No. 604 

34.10 

35.67 

50.60 

42.43 

66.51 

TTypochloritc . 

6.94 

9.96 

12.18 

33.03 

34.78 

Cheek 

Difference required 

L».40 

0.92 

3.60 

0.47 

1.29 

for aignificaiiee 
(5 i)er cent) 

8.22 

8.20 

7.91 

13.49 

8.63 


a Emergence is based upon all seedlings which had emerged within 35 days after 
sowing in the middle 35 feet of a 30-foot row plot. 

*» Date sown. Two different lots of threshed seed were sown on July 13; 35-G and 
1 ^- 38 . 

c Percentage of germinable seed s(»vvn. 

seed the emerg:ence was higher lor the No. 604 treatment, although it was 
signifi(*aiitJ.v so in only one of two instances. 

Sl\MMARY AND CONCLUSIONS 

Guayule (Partlu niuni argentatum Gray) was found to be very suscepti¬ 
ble to attack by pre-emergence damping-off fungi in nurseries and in direct 
field sowings at Salinas, California. Because of pre-emergence losses exten¬ 
sive rcsowings of nursery beds were necessary in 1943. Post-emergence 
damping-off losses were small compared with iire-emergence losses. 

In gretuihouse tests with 8 fungicides to determine their relative effective¬ 
ness ill protei'ting guayule seedlings against pre-emergence losses from 
Pythium and Rhizoctouia, damping-off fungi, the optimum dosage w^as about 
1 per cent by weight for Arasaii, Spergon, Spergoiu'X, Cuprocide, and Seme- 
san; 0.5 to 0.75 per cent for No. (i04; and 0.25 per cent or less for Mersolite-19. 

Treating guayule seed with sodium hyimchlorite increased seedling emer¬ 
gence ill soil infested with Pythium and RhizocAonia in the greenhouse as 
well as in sub-irrigated field-sown tests. However, when seed which germi¬ 
nated readily was dusted with Arasan or No. 604, emergence w’as higher than 
from hypochlorite-treated seed when sown in fungus-infested soil. The dif¬ 
ferences in protective effect were significantly in favor of the seed protec¬ 
tants over sodium hypochlorite. 

When used on botli threshed and unthi’cshed non-hypochlorite-treated 
seed in tlie greenhouse Arasan, No. 604, and Mersolite-19 gave the greatest 
increases in seedling emergence in fungus-infested soil. On unthreshed seed, 
which had been pretreated with sodium hypochlorite, Mersolite-19 did not 
increase emergence as much as Arasan and No. 604. 

Under conditions favorable for germination in the greenliouse, guayule 
seedlings started to emerge on the 4th day and emergence was practically 
completed in 10 to 12 days after sowing. 
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On dry, threshed, non-hypochlorite-treated seed sown in the nursery, 
Arasan, Spergon, and Semesan increased emei-frence over the untreated seed 
in sowings made in April and May. With threshed guayule seed the treat¬ 
ment Avith Arasan resulted in more emerged seedlings than either Spergon 
or Semesan treatment. 

Dry unthreshed seed that had been pretreated with sodium hypochlorite, 
when dusted with Arasan, Spergon, or Semesan gave an increase in emer¬ 
gence over the check in a sowing made in May. In an April sowing the. 
difiPerences in emergence for the seed dusted wdth these sced-proteedants were 
not significant. Seed similarly tif ated, but soaked for 4 days prior to sow^- 
ing, gave no increased emergence for any of tlie matei-ials in the April solv¬ 
ing. Ill the May sowing a significant increase in emergenci' w^as secured with 
both Arasan and Siiergon. In both sowings the (‘mergence from seed dusted 
with Semesan was sparse, scattered, and considerably lower than for the 
check. 

In a subirrigated field botli Arasan and No. 604 increased sc^edling emer¬ 
gence significantly above the hypochlorite treatment and above non-hypo- 
chlorite-treated che(.‘ks lor both ihr('sh(Hl and unthr(‘shed seed, hlmergence 
of threshed sc(?d dusted with No. 604 w-as better than when Arasan was ns(Hl. 

Based on tests in gre<mhonse, nursery, and snbirrigated field Arasan and 
No. 604 are considercMl as tlie two most jiromising of tlie several S(*ed jirotec- 
tants tested in the control of pre-ernergenee damping-off of gnaynle. Al¬ 
though tested only in the greenhouse, Merso)ite-19 gave exc(‘llent resnits. 

Special Gxtayule Resicarcii Project, 

Bureau ok Plant Iniu^stry, Soils, and Aoru ttltuhal 
Engineering, 

U. S. Department of Agriculture, 

S\LTNAs, California. 
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BREEDING FOR RESISTANCE TO EARLY BLIGHT IN THE 

IRISH POTATO' 

E . L . L K C h K KG a. 

(Accepted for publicatiou September 3, 1940) 

Early blij^ht, caused by AUernaria solani (Ellis and G. Martin), L. R. 
Jones atid Grout, does not usually occur in epiplij^totic form, although occa¬ 
sionally it may be almost as destructive as late blight. Coons'* stated that 
the annual loss in Michigan was about 25 per cent. According to Jones,® 
the jdold ma}’ be reduced 10 to 25 per cent in Wiscfonsin. Several cases are 
on record of unusually severe attacks; more important, however, is the 
smaller but yearly toll of the disease. 

No concerted effort has been made to breed new varieties of potatoes that 
are resist ant to the pathogen causing early blight, although it has been known 
for many years that varieties of cultivated jadatoes have different degrees of 
susceptibility. The. early work of Stuarf’ in Vermont indicated that a few 
foreign varieties possessed some resistance to the fungus. 

In 1940 work was started toward finding resistant seedlings or commer¬ 
cial varieties that could be used in a breeding program. The data herein are 
present(*(l as a preliminary report. 

METHODS AND MATERIALS 

Conditions favorable for a natural epiphytotic were not present during 
the growing seasons of 1940 to 1943, inclusive. The laying of a pipe line in 
1!)43 ])ermitt<*d the use of supplemental water as an overhead spray on ex¬ 
perimental plots to make conditions more favorable for infection and subse- 
t|nent sj)r(\ad of the fungus. By the spring of 1945 methods had been devel¬ 
oped so that a lieavy inlection was ]>roduced and it was possible to ascertain 
the resistance or su.sc(*ptibility of a number of seedlings and varieties. 

In this experiment the seedlings and varieties Avere grown adjacent to 
a row of tJie Houma variety, wliich is very susceptible to the organism. 

The infection data Avere recorded in 4 classes as illustrated in figure 1: 

Class 0 == No infection. 

Class 1 = Light infection; spots few to many, small, not coalescing; foliage 
remained green, 

1 Cooperative investigations ])y tlie Pi vision of Fruit aiul Vegetable Crops and Pia- 
eases, Jlnreau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Re- 
sciureh Administration, V. S. Department of Agriculture and the Louisiana Agricultural 
Experiment Station. 

2 Pathologist; 1’'. S. Pe])artmont of Agriculture, Baton Rouge, Louisiana. 

3 The writer tak(*s pleasure in acknowledging his indebtedness to Dr. F. J. Stevenson 
for furnishing many of the seedlings and many of the parents used in crosses that Avero 
included in this invjjfitigntion. 

* Coons, 0. U, P(»tato diseases of Michigan. Mich. Agr. Exp. Sta. Special Bull. 66. 

•'» .Tones, L. R. Potato diseases in Wisconsin and their control. Wis. Agr. Exp. Sta. 
Circ. 36. 1912. 

c Stuart, William. Disease resistance of potatoes. Third report. Vt. Agr. Exp. 
Sta. Bull. 179: 147-183. 1914. 
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Class 2 = Moderate infection; spots few to many, medium to large, some 
coalescing; foliage 0-25 per cent killed. 

Class 3 = Severe infection; spots many, medium to large, coalescing; foli¬ 
age burned, 26-100 per cent killed. 

Conditions very favorable for infection prevailed during all of May, 
1945. By May 3 most of the leaves were killed on the Houma checks and 
many of the seedlings and some varieti(*s were severely infected. 

Because of differences in maturity of the material being tested, notes were 
taken on several dates. 

In this test, 19 named varieties Hnd 445 numbered seedlings were exposed 
to infection. Each of these was grown in units of at least 5 hills. The seed¬ 
lings represented many different crosses and a few inbred parents. Since no 
segregating progeni(»s were included, it is not possible to draw conclusions 
as to tile mode of inheritance of resistance to the early-blight fungus. 

RESULTS 

The reactions of 19 commercial varieties of potatoes to early blight are 
in table 1. All but 2 of these varieties were very susce'ptible to the fungus. 
Of the 2, Sequoia was moderately infected, but the infection in Menominee 
was only slight. Menominee also possesses a high degree of resisUince to 
Actinomyces scabies and moderate resistance to Phytophtlwra infestans. 
The early-maturing varieties—Cobbler, Earlaine, Red Warba, Triumph, and 
Warba—were severely infected early in May wliereas some of the later- 
maturing sorts were not infected to the same degree until 2 weeks later. 
The data also demonstrate that lateness is not completely correlated witli 


TABLE 1.— Profjrcsfsh'c development on 19 comvicrcAal varieties of Irish potatoes of 
infection hy the early-hlight fungus in the field at Baton Bouge, Louisiana, in 1945 


Variet}’' 


Tncidence of discase“ on 


May 3 

Mfiy 5 

May 18 

.Tune 2 

(Chippewa . 

. 0 

3 

3 

3 

Cobbler . 

3 

3 

3 

3 

Desoto . 

Earlaine . 

3 

3 

3 

3 

3 

Earlaine No. 2 

0 

0 

2 

3 

Golden . 

0 

0 

3 

3 

Green Mountain . . 

0 

3 

3 

.3 

Knsota . 

. 0 

3 

3 

3 

Katahdin. 

0 

0 

3 

3 

LaSalle . 




3 

V Menominee 

0 

0 

1 

1 

Mesaba . 

. 3 

3 

3 

3 

Mohawk . 

0 

3 

3 

3 

Pontiac . 

3 

3 

3 

3 

Red Warba . 

. 3 • 

3 

3 

3 

Sebago . 

. 0 

0 

3 

3 

Sequoia . 

. 0 

0 

2 

2f 

Triumph . 

. . 3 

3 

3 

3 

Warba . 

3 

3 

3 

3 


Infection classes; 0 = no infection, 1 = light, 2 = moderate, 3 = severe. 
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Fiq. 1. Infection classes: A=no infection (class 0); Bslight infection (class 1) ; 
C = moderate infection (class 2); D = severe infection (class 3). 
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early-bliglit resistance since the late-maturing and very-late-maturiiig varie¬ 
ties, such as Earlaine No. 2, Katahdiil, Mohawk, and Pontiac, were killed by 
the fungus before they matured. 

The 20 seedlings listed in table 2 were selected to represent the various 
groups of infection types that were found among the 445 seedling varieties 
tested. Seedlings XL 127-2 and XL 154-7 were severely infected early in 
May and both of these are early-maturing sorts. Infection was delayed in 
many other seedlings listed in table 2. 

TABLE 2 .—Progressive development on some seedling varieties of Irish potatoes of 
infection by the early-blight fungus in tl^i field at Baton Eouge, Louisiana, in 1945 


Incidence of disease* on 


Pedigree 

Pa rent ago 

May 3 

May 5 

May 18 

June 2 

XL 127-2 

96-140 X 926-36 

3 

3 

3 

3 

XL 354-7 

47562x47156 

3 

3 

3 

3 

XL 28-1 

336-123x336-18 

0 

0 

2 

3 

XL 29-23 

Katalidin x Earlaine 

0 

0 

2 

2 

XL 333-9 

Sebago x 47156 

0 

0 

1 

3 

XL 133-6 

Sebago x 47356 

0 

0 

1 

2— 

X 512-1 

WI-6 X Katahdin 

0 

0 

1 

2— 

X 987-1 

792-78 X Katahdin 

0 

0 

1 

2— 

B 94-3 

336-344x47562 

0 

0 

1 

2— 

B 70-5 

B 327x96-56 




3 

XL 148-1 

528-229x528-170 




U 

XT. 8-61 

(’!hii)povva X 473 56 




1 

XL 211-1 

(XL 89-1) X (XL 72-3) 




1 

XL 30(5-2 

499-axB 56-31 




1 

XL 308-5 

Pontiac x B 44-14 




1 

X 528-118 

Richter Jubol x 44537 




3 

X 627-103 

Hindcnberg x Katahdin 




1 

B 6.9-12 

Katahdin x 96-56 




1 

B 273-31 

President x 9r -28 




1 

B 273-39 

President x 96-28 




1 


»Infection classes; 0 = no infection, 1 = light, 2 = moderate, 3 - severe. 

From the standpoint of breeding for resistance to the early-blight patho¬ 
gen it is significant that a number of seedlings were found that were only 
slightlj^ infected. Several of these are listed in table 2. Pour of these seed¬ 
lings (XL 211-1, XL 300 2, X 528-118, and X 627-103) are moderately to 
highly resistant to the .s(*ab organism. A very high degree of resistance to 
the late-blight fungus occurs in B 27;)-31 and B 273-39. Seedlings XL 
148-1, XL 8-61, and B 69-12 are very vigorous and produce high yields of 
tubers. Seedling XL 308-5 is red-skinned and vigorous. 

SUMMARY AND CONCLUSIONS 

A large-scale, field test was made in 1945 at Baton Rouge, Louisiana, to 
test the reactions of 19 named varieties and 445 seedling varieties to the 
early-blight fungus (Altcrnaria solani). 

The results failed to demonstrate the presence of immunity. A number 
of the seedlings were only slightly affected whereas the greater part of them 
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were moderately to severely affected. Of 19 named varieties tested, only 
Menominee had any marked degree of resistance. 

Among the seedling varieties only slightly affected by the AUernaria, 
4 are also moderately to highly resistant to the scab organism, 2 possess a 
higli degree of resistance to the late-blight fungus, 3 are very vigorous and 
produce high yields of tubers, and one is red-skinned and vigorous. 

Thus, from the standpoint of breeding for resistance to early blight a 
number of promising seedling varieties are at hand that can be used in future 
pollination work. In addition, some of these seedlings also possess genetic 
factors for resistance to the pathogens causing scab and late blight as well as 
factors for yielding ability. lienee it should not be very difficult to produce 
varieties combining resistance to early blight with resistance to other diseases 
as well as wdth other characters of commercial importance. 

U. S. Department op Agriculture 

AND 

Louisiana Agricultural Experiment Station, 

Baton Rouge, Louisiana. 



LEAFROLL NET NECROSIS AND STEM-END BROWNING OP 
POTATO TUBERS IN RELATION TO TEMPERATURE 
AND CERTAIN OTHER FACTORS 

Donald Folsom 
(Accepted for publication September 14, 1946) 

INTEODITCTION 

A crop from a potato (Solanum tuberosum L.) field has no potentiality 
for the development, in storafie, of Jfeafroll net necrosis unless at least three 
conditions prevail. First, the variety must be susceptible to the leafroll 
virus. Second, leafroll must have infected plants, duriiijr the {rrowing 
.season, that were healthy at the beginning of the season. Third, the variety 
must be one that can develop net necrosis as a symptom of recent infection 
by leafroll. However, even when having the potentiality resulting from the 
fulfillment of these three conditions, crops, i)arts of crojis, and tubers have 
been observed which either did not develop net necrosis in storage or de¬ 
veloped muiih less than was to be exj)e(!ted. Another ty])e of internal dis¬ 
coloration, called stem-end browning, was found commonly in the Maine 
potato crops of 3923, 1927, 1929. and 1937 and was differentiated from net 
necrosis (.3, 4). This paper is concerned with the effects of temperature, 
length of storage period, size of tuber, and (rertain other factoj-s, upon the de¬ 
velopment of net necrosis and stem-end browning in storage. 

In 1940 the cause of stem-end browning Avas .still undetermined and at¬ 
tempts were made, as they had been previously, to isolate organisms from 
affected tubers. Isolations were un.suecessful in the majority of ca.ses, and 
none of the miscellaneous lot of organisms obtained })rodnced any stem-end 
browning or other change when inoculated into healthy tubers (10, p. 503).' 
In the winter of 1942-43, steam .sterilization of soil from fields that had jn-o- 
duced stem-end browning erops did not reduce stem-end broAvning in the 
greenhouse crop of plants grown in the .sterilized .soil, in eonii)ai-isnn Avith 
greenhouse crops in nnsterilized soil from the same fields (13, p. 232). 
About 180 hills were dug individually in 1943 in 6 fields. Field notes were 
taken on stem infection by Bhizoeionm .so/a??/and, later, storage I'ecords Avere 
taken on the development of stem-end browning ?it about optimum te?upera- 
ture. In general “very slight” Rbizoctonia infection was followed by the 
highest percentages of stem-end browning, but the most stem-end browning 
wag in the tubers from “healthy” hills in the ease of one field, and in the 
tubers from “severely infected” hills in the case of anoth<‘r field. 

Recently it has been determined by Ross (14, p. 530-531) that stem-end 
browning in Maine can become, under suitable storage conditions, much 
more prevalent in one strain of the Green Mountain variety than it can in 
other strains of the same variety in the same environment. Ross (14, p. 

A Data are given in considerable detail in tLc Maine Agricnltiinil Experiment Station 
report bulletins referred to in this paper. , 
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529-530) has further transmitted this potentiality from one tub^ line or 
plant to another by grafting. His data indicate that a virus is one factor 
in the development of stem-end browning. 

Small-scale preliminary tests with Green Mountain tubers of the crop 
of 1937 disclosed a tendency for more internal discoloration to develop at 
35°, 46°, and 53° F. than at 71°, 86°, or 96°, at constant temperature, or 
than at a variable temperature of 32° to 64°, averaging 43° (9, p. 800). 
Similarly, a series of Green Mountain samples of the 1938 crop developed 
net necrosis in 0, 11, 13, 0, 0.1, and 0 per cent of the tubers when kept at 
40°, 42°, 56°, 76°, 83°, and 70° to 90° F. respectively (9, p. 800). Another 
1938 series at these same temperatures developed respectively 0, 1.9, 1.3, 0.3, 
0.4, and 0 per cent net necrosis and 0, 1.9, 3.2, 0.7, 0.7, and 0 per cent stem- 
end browning (9, p. 800). 

These pT*eliminary tests indicated an optimum constant-temperature 
rang(‘ of about 42° to 56° F. for both net necrosis and stem-end browning. 
They also indicated that such temperature tests require many identical 
samples of two to three bushels each. 

More samples of larger size, composed to be identical, were taken from 
the (U*op of 1939 and stored in seven places, with results as follows: 

Tcmporatun^, in 32 37 41 45 54 72 77 86 

Not noorosis, in ]»or eont 0 2 3 14 1 0 0 

Stcmorid browning, in per cent 111 9 6 9 2 1 0 

Here tiic 45° F*, storage had a fluctuating temperature that, with an average 
near optimum as judged by results in constant-temperatnre storages, Avas 
nevertheless less conducive than they were to the development of internal 
discoloration, just as was the ease in the 1937 crop. Apparently it is the 
number of hours near ojdimuin temperature that counts, more than the 
averag(* ternperature. 

METHODS WITH CROPS OP 1940 TO 1945 

Twelve experimental storage bins each with a capacity of about 100 
barrels (a ^‘barrer’ iKuiig 165 lb.) were constructed at Aroostook Farm, near 
Presque Isle, Maine, in the summer ot* 1940 (10, p. 498). These bins w^ere 
equipped with cooling apparatus, heaters, portable calcium chloride driers, 
and sprinkling apparatus for the maintenance of temperatures from 30° F. 
uj) and for the partial control of humidity. Samples of a crop were shifted 
from one bin to another if a change of temperature or humidity was desired. 
All samples of any crop were made up and examined by the same operator.- 

Unless stated to be otherwise, samples were of the Green Mountain 
variety and were made up in sets of 36 from each field as follows. Thirty- 
six field-run barrels of tubers were spread out, a barrel at a time. From 
each barrel the 36 apparently largest tubers were distributed to the 36 
samples. This was repeated until the contents of the barrel were completely 

2 Frank Upton, in crops of 1940 and 1941, and Michael Govon, in crops of 1942, 1943, 
and 1945. 
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divided. Each barrel was taken in turn so that the end result was 36 com¬ 
posite samples each containing 1/36 of each original field-run barrel and all 
practically identical as to tuber sizes. When duplicates were kept in the 
same bin for the same length of time, the percentage of tubers with net 
necrosis or stem-end browning was practically the same, so that each series 
of 36 samples could be used for comparing 36 different combinations of tem¬ 
perature, duration, and humidity. No method was found successful for 
making more than one examination of a given sample. 

EFFECTS OF TEMPERATIJKE AND RELATIVE HUMIDITY 

Results with the Crop of 19i0 

Tests were made with 432 samples (12 series of 36 each) from the crop 
of 1940 from four fields. There was the least of either kind of internal dis¬ 
coloration at 32-33° F., the most at 50°, and intermediate percentages at 
38° and 60°. Several comparisons by Student^s method were possible, each 
between 22 to 24 samples in one bin and the same number in another bin, 
the members f each pair coming from the same series of 36 composite 
samples ma<ie up at harvest time. The results, given in table 1, show in 
comparisons 1, 4, and 5 that 5 to 12 degrees’ differen(*.e gave highly significant 
differences in the i)erceiitagc of tubers with net necrosis or stem-end brown¬ 
ing; in the other comparisons, with little or no difference in temperature 
there were only nonsignificant differences in internal discoloration. The 

TABLE 1 .—Effect of temperature differences on %n‘rcen1agv of tuhrrs having tut 
necrosis and developing stem-end browning in storage. Samples compared bg Student 
method.^ Crop of 1940 


Com¬ 

Pairsto 

Tempera¬ 

Belative 

Net necrosis 

Stem 011(1 browning 

parison 

ture 

humidity 

Means 

Oddsc 

Means 

0(1 



^F. 

Per cen! 

Per 

cent 


Per 

cent 


1 

22 

33 

86 

3.33 

128: 1 

1.14 

61: 1 



38 

89 

6.61 


1.75 


2 

22 

38 

77 

4.88 

34: 1 

1.44 

Under 10: 1 



38 

89 

6.61 


1.75 


3 

OO 

39 

79 

8.42 

3.67: 1 

2.40 

Under 2: 1 



38 

89 

7.81 


2.32 


4 

24 

38 

89 

5.36 

Over 9999: 1 

0.12 

Over 9999: 1 



50 

88 

10.60 


13!29 


5 

OO 

39 

79 

8.42 

Over 3332: 1 

2.40 

Over 9999: 1 



50 

82 

17.67 


14.12 


V 6 

22 

50 

75 

17.27 

Viidcr 3: 1 

13.44 

Tender 10: 1 



50 

82 

17.67 


14.12 


7 

23 

60 

71 

6.78 

Under 10.5: 1 

10.99 

Under 6.52: 1 



60 

79 

6.10 


10.39 



a Method as given in (8). 

to In each comparison, 22 to 24 samples, of 700 to 1000 tubers apiece, held in one 
storage locker were paired respectively with the same number of samples in another 
storage locker, the members of each i>air luiving eonie from tlie some series of ;hi com¬ 
posite samples and having been stored for the same length of time. 
cOdds cohsidered significant only if 30 or more to 1. 
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relative humidity (71 to 89 per cent) had no apparent effect on either kind 
of defect. At 50° F., stem-end browning continued to increase appreciably 
until the middle of November, and net necrosis usually until in December or 
January but until in March or April in some series of samples. Samples 
kept at low temperatures until in November and then warmed to the opti¬ 
mum temperature developed net necrosis but not stem-end browning, indi¬ 
cating a permanent inhibition of stem-end browning by exposure to low tem¬ 
perature during the first part of the storage season. 

Results with the Crop of 1911 

No attempt was made to control humidity after the tests with the crop 
of 1940, although relative humidity was recorded daily. The 288 samples 
(8 series of 36 each) of the crop of 1941 from 4 fields w’ere various!}' exposed 
to temperatures of 33°, 37°, 40°, 44°, 47°, 51°, and 60° F. The optimum 
tested temperatures for the development ot* net necrosis \vere 44°, 47°, and 
51° F., respectively, for the three series having an ai^preciable amount of the 
defect, running about 33, 28, and 37 per cent (11, p. 298-302, 329). In the 
ease of stem-end browning the percentage of affected tubers was greater at 
60° (running from 9 to 47 per (‘ent) than at lower temperatures. The 
maximum percentage was reached or nearly reached in 45 to 65 days after 
harvesting. 

Some samples w<*r(‘ sliifted from suboptimum tO optimum temperatures. 
Samples lield 10 to 30 days at 33° F. and then moved to 47° developed less 
net necrosis than samj)les held from the first at 47° in the same period of 
tiirn*. Further, 30 to 90 days at 33° apparently conditioned the tubers so 
that siibsecjuent exposure to 47° was followed by no furthi development, or 
very little, of net necrosis. In one series of samides, stem-end browning de¬ 
veloped in 120 days in 13 per cent of the tubers stored at 33°, in 33 i)er cent 
at 51°, in 14 |»er cent at 33° for 60 days followed by 51° for 60 days, and 
in 23 per cent at 33° for 30 days followed by 51° for 90 days. Apparently 
60 days at 33° F. “conditioned^’ the tubers .so that subsequent exposure to 
51° wfis follow'ed by practically no further development of stem-end 
browning. 

Results with the Crop of 1912 

One hundred forty-four samples (4 series of 36 each) from four fields, 
crop of 1942, were variously exposed to storage temperatures of 31°, 33°, 
36°; and 51° F. at which tlie relative humidity averaged, respectively, about 
76, 75, 78, and 78 per cent. The maximum percentage of tubers with net 
necrosis was reached, or practically reached, at 52° F., in 60 to 90 days after 
digging, and, with stem-end browning, in 60 to 120 days after digging. 
Samples kept until 200 days after digging showed, in some series, some 
decrease from the maximum in percentage net necrosis or with stem-end 
browning at both 51° and 36° F. (13, p. 279). The data in table 2 show 
that considerably more net necrosis and stem-end browming developed in 
90 days in storage at 51° F. than at 31°, 33°, or 36°. The difference was 
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somewhat less in the samples from Field 3 where about 12 per cent of the 
tubers already had net necrosis at harvest time. 

Some samples were exposed first to suboptimal or supraoptimal tempera¬ 
tures and then to about optimum temperature. The data, in table 3, show 
that 60 days’ “conditioning” at 31°, 33°, 36°, or 71° F. reduced consider¬ 
ably the amount of net necrosis or skun-end browning that developed sub- 
sequentl}^ in 60 days at 51° F., in stocks where the discoloration potential 
was present, as compared with the development in 60 to 120 days at a con¬ 
stant temperature of 51°. The perinaiieiitly inhibiting effect of extreme 
temperatures was somewhat less in the samples from Field 3 where net 
necrosis had already develo})ed in l£ per cejit of the tubers by liarvest time, 
in the other series of samples the supj)ressing effect of low temperature was 

TAHLK 2.—1)rvelopmcni of nd nrrrosis and sian-rtul browning in ttanipls of 
crop kept for VO dayn at several constant temperatnrrs 




Nct-iiccrosis pereoiitaffo 



-cud brow 

niiig ])crecnl 

age 




.. 




— 



31° F. 

33° F. 

36« F. r 

IP’F. 

3V F. 

3:r F. 

•Mr F. 

51 F. 

1 

0 

0 

0 

0.4 

0.6 

0.7 

1.7 

21.7 

2 

0 

0 

0 

O.l 

1.1 

1.3 

1.6 

39.5 


15.3 

17.1 

20.0 

36.2 • 

1.4 

1.5 

1.5 

6.4 

'M 

3.4 

5.2 

8.1 

24.3 





4 

0.4 

0.6 

0.7 

15.0 

0.7 

0.7 

0.4 

15.9 


a Increase over the 11.9 per cent at harvest time, when storage at diflVreiit tenij)era- . 
tures was begun. 

somewhat greater on stem-end browuiing than on net necrosis, and high 
temperature inhibiled net necrosis somewhat more than low tem])erature did. 

Resulis with the Croj) of 1913 

One hundred forty-four samples (4 series of 36 each) from four fields, 
crop of 1943, were variously exposed to storage temperatures of 32°, 36°, 
70°, 65°, and 50° F. at wliieh the relative humidity averaged, respectively, 
about 79, 78, 78, 78, and 87 per cent. At 50°, tlie maximum percentage of 
tubers with net necrosis was readied in 90 to 100 days and the percentage 
then gradually declined until in April when the tubers were too rotted, 
sprouted, and shrivelled for accurate diagnosis. At 50°, the maximum 
percentage of tidiers with stem-end browning was not reached in two series 
until 120 to 240 days after liarvest time, with no subsecpient d(‘cline. Some 
samples, listed in table 4, showed that conditioning at 70° or 32° F. for 60 
days, previous to 60 days at 50° F., completely jirevenled or greatly- reduced 
the development of net necrosis and stem-end browning. Conditioning at 
65° or 36° was less effective in some instances. Other samples in the same 
series (13, p. 278) showed that at 70° and 65° shorter periods of conditioning 
(30 and 15 days) were often much less effective than was conditioning for 
60 days. 

Field 2 had been in potatoes the past three years, was on the same farm 
as Field 2 of 1941 and Field 1 of 1942 in these studies, and was expected to 
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yield a croj) with as much stem-end browning as these other fields had. The 
drop to practically none can be attributed to a change in the source of seed, 

TABLE 3. —"Ni I necrosis and stem-end browning in samidcs of 1943 crop and the 
permanently inhibiting effect of low or high temperature during first part of storage 


Field 


Days in storage" 

at 


Net necrosis 

Stem-end 

31^ F. 

33« F. 36° F. 

71° F. 

51° F. 

browning 






Per cent 

Per cent 

1 




60 

0.3 

16.2 


60 



60 

0.0 

0.4 



60 


60 

0.0 

0.4 



60 


60 

0.0 

0.9 





120 

0.3 

22.1 

o 




60 

0.2 

30.6 


60 



60 

0.0 

0.3 



60 


60 

0.1 

0.5 



60 


60 

0.0 

1.2 





120 

1.7 

42.1 

3 




60 

29.7 

5.2 


60 



60 

1S.7 

2.2 



60 


60 

17.1 

L6 



60 


r»o 

26.6 

3.3 





120 

35.3 

5.7 

3b 




60 

17.8 



<;o 



60 

6.8 




60 


60 

5.2 




60 


60 

14.7 






120 

23.4 


4 




60 

15.8 

11.1 


60 



60 

1.0 

0.0 



60 


60 

2.2 

0.4 



60 


60 

4^7 

1.5 





120 

17.1 

14.7 

1 




30 

0.4 

8.2 




60 

30 

0.1 

1.0 





90 

0.4 

21.7 

2 




.30 

0.0 

23.3 




60 

30 

0.0 

0.9 





90 

0.1 

39.5 

3 




30 

22.7 

4.8 




60 

30 

12.2 

2.1 





90 

3(12 

6.4 

3b 




30 

10.8 





60 

30 

0.3 






9(f 

24.3 


4 




30 

9.4 

5.1 




60 

.311 

1.9 

1.8 





90 

15.0 

15.9 


»Periods in storage at difFcroiit temperatures given from left to right as tliey 
occurred in the experiment. 

h Increase over the 11.9 j)er cent at harvest time, when storage at different tempera¬ 
tures was begun. 

the owner of the farm liaving been coiiviiieeil that there was a difference . 
between strains of Green Mountain wdth respect to the ability to develop 
stem-end browning. 
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TABLE 4.—Ifet necrosis and stem-end browning in samples of 1943 crop and the 
permanently inhibiting effect of low or high temperature during first part of storage 


Field 


Days in storage^ at 


32° F. 30° F. 70° F. 65° F. 


00 


60 


00 


60 


60 

30 


60 

30 


30 

60 


30 

60 


oee.urrod in the experiment. 


50° F. 

Net necrosis 

Stem-end 

browning 


Per cent 

Per cent 

61 

0.0 

0.0 

61 

0.3 

0.0 

61 

0.0 

0.2 

61 

0.0 

8.6 

61 

0.0 

34.6 

60 

2.2 

2.5.5 

121 

1.1 

30.0 

61 

0.1 

0.0 

61 

3.5 

0.0 

61 

0.6 

0.1 

61 

2.S 

0.0 

61 

7.8 

5.5 

60 

18.6 

6.1 

121 

17.6 

4.5 

i given 

from loft to 

right MS tho 


Results with the Crop of 1915 

No study was made of these defects with the lf)44 (*Top. IIoAvever, 72 
samples (2 series of 36 each) from the crop of 1945, from two fields, were 
exposed to storage tCDii)eratures of 34^, 38°, 44°, and 50° P. at wliich the 
relative humidity averaged, res])ect ively, abo>it 83, 83, 85, and 90 per cent. 
At 50° P. the maximum |)erceiitage of tubers with net necrosis was reached 
in 70 to 90 days and with stem-end browning in 100 to 130 days. Each 
kind of internal discolorati .n was graded in each tuber as either “cull” or 
“mild,” the distinction being made on the basis of whether more or less than 
5 per cent of the weight of tlie tuber had to be sliced off in order to remove 
all discoloration. This is a distinction used in the U. S. grades for potatoes, 
grade No. 1 having tolerance for only a certain amount of tubers with 5 per 
ctmt waste as determined by slicing. The several temperatures were con¬ 
sidered to be rei)resentativc of potato storages (2, Tables 1 and 5) and 
certain samples were shifted from suboptimum to optimum temperatures 
to simulate the succession of storage, transit, and market conditions in com¬ 
mercial practice. 

As indicated in table 5, exposure to 50° P. for one or two weeks after 
exposure to a low temperature often resulted in considerably more net 
necrosis than developed in the same i)eriod during exposure to only the low 
temperature. Por example, in sample 215 after 72 days at 34° P. there was 
only 3 i)er cent cull net necrosis while in sample 214 after 56 days at 34° 
and 15 days at 50° (total 71 days) there was 7 per cent cull net necrosis. 
However, a shift from 34° or 38° to 50° did not have a similar increasing 
effect ujjon stem-end browning, which apparently was permanently in¬ 
hibited by these two lower temperatures more than was net necrosis. The 
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TABLE 5 .—'Effect of storage temperature on net necrosis and stem-end browning in 
samples of 1946 crop 


Days in storage** at 


Tubers with 


Sampl(*a 

34‘> E. 

38^ E. 

44*^ F. 

o 

<=> 1 

All 

temp. 

Av. 

temp. 

Not necrosis 

Stem-end 

browning 

Cullc 

Total 

Cullc 

Total 







O T? 

Ter 

Ter 

Ter 

Ter 







Jo . 

cent 

cent 

cent 

cent 

102 

28 



8 

36 

38 

1 

2 

0 

T<i 

105 


28 


7 

35 

40 

3 

5 

0 

0 

108 



28 

7 

35 

45 

8 

10 

0 

T 

111 




35 

35 

50 

10 

13 

1 

6 

]04 

43 




43 

34 

1 

2 

0 

0 

103 

28 



14 

42 

39 

1 

5 

0 

0 

107 


43 



43 

38 

2 

3 

T 

T 

lOG 


28 


14 

42 

42 

3 

7 

0 

0 

110 



43 


43 

44 

8 

10 

0 

T 

109 



28 

14 

42 

46 

7 

10 

0 

1 

112 




42 

42 

50 

10 

17 

2 

6 

113 

50 



8 

64 

36 

1 

3 

0 

0 

IIG 


50 


8 

64 

40 

3 

5 

0 

0 

119 



56 

8 

64 

45 

8 

10 

1 

5 

122 




64 

64 

50 

11 

12 

10 

30 

115 

70 




70 

34 

1 

3 

0 

0 

114 

50 



14 

70 

37 

1 

5 

0 

0 

118 


71 



71 

38 

4 

8 

0 

0 

117 


56 


14 

70 

40 

3 

7 

0 

0 

121 



71 


71 

44 

9 

11 

1 

2 

120 



50 

14 

70 

45 

8 

9 

1 

3 

123 




70 

70 

50 

10 

12 

9 

23 

124 

84 



7 

91 

35 

1 

2 

0 

0 

127 


84 


7 

91 

39 

3 

6 

0 

0 

130 



84 

7 

91 

45 

9 

10 

1 

6 

133 




91 

91 

50 

10 

10 

14 

32 

120 

100 




100 

34 

1 

3 

0 

0 

125 

84 



14 

98 

30 

0 

3 

0 

0 

129 


99 



99 

38 

4 

6 

0 

0 

128 


84 


14 

98 

40 

4 

0 

0 

0 

132 



99 


99 

44 

9 

10 

2 

9 

131 



84 

11 

98 

45 

9 

9 

3 

10 

134 




98 

98 

50 

10 

10 

16 

36 

135 




99 

99 

50 

10 

10 

15 

34 

130 




126 

120 

50 

8 

8 

17 

34 

202 

28 



9 

37 

38 

4 

8 

0 

0 

205 


28 


9 

37 

41 

7 

13 

0 

0 

208 



28 

10 

38 

40 

23 

26 

0 

0 

211 




37 

37 

5(» 

23 

26 

T 

T 

204 

43 




43 

34 

2 

5 

0 

0 

203 

28 



15 

43 

40 

4 

10 

0 

0 

207 


44 



44 

38 

5 

9 

0 

0 

200 


28 


15 

43 

42 

11 

16 

0 

0 

210 



44 


44 

44 

22 

24 

0 

0 

209 



28 

10 

44 

46 

Oi> 

25 

0 

0 

212 




43 

43 

50 

28 

32 

1 

1 

213 

56 



8 

04 

30 

7 

16 

0 

0 

210 


56 


8 

64 

40 

12 

16 

0 

0 

219 



56 

8 

64 

45 

23 

26 

T 

1 

ooo 




04 

(>4 

50 

31 

32 

2 

3 
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TABLE 5 (Continued) 


Days in storago*> at Tubers 








Av. 



Stem-end 

Sample* 

34° F. 

c 

00 

CO 

44° F. 

50° F. 

All 

temp. 

temp. 

iNct necrosis 

browning 







' 

(hilF 

Total 

CulF 

Total 








7Vr 

Per 

Per 

Per 








crut 

ct nt 

rent 

cent 

215 

72 




72 

34 

3 

5 

0 

0 

214 

56 



35 

71 

37 

7 

14 

0 

0 

218 


72 




38 

7 

12 

0 

0 

217 


.56 


15 

&1 

43 

34 

18 

0 

0 

221 



72 


72 

44 

26 

28 

I 

1 

220 



56 

15 

71 

45 

31 

32 

1 

1 

oo*j 

iat.dO 




71 

71 

50 

31 

32 

1 


224 

86 



8 

94 

35 

7 

14 

0 

0 

227 


86 


8 

94 

39 

15 

21 

0 

0 

230 



86 

8 

94 

45 

29 

31 

1 

1 

233 




<♦3 

93 

50 

33 

34 

•> 


226 

100 




300 

34 

4 

9 

0 

0 

225 

86 



15 

101 

36 

12 

20 

0 

0 

229 


102 



102 

38 

10 

16 

0 

0 

228 


86 


17 

103 

40 

20 

25 

i) 

0 

232 



103 


103 

44 

27 

29 

1 

1 

231 



86 

15 

101 

45 

28 

31 

1 

1 

234 




102 

102 

50 

32 

33 

2 

»> 

235 




103 

103 

50 

31 

33 

o 

3 

236 




328 

128 

50 

32 

32 

4 

1 


a Samples 302 etc. from Field 1, 202 rtr. from Field 2. 

*»Periods in storage at different temperatures given from left to right as they oe* 
curred in the experiment. 

c Cull net necrosis or stcm-imd browning is that which causes more than 5 ]»er iM'ut 
sliced'Off waste. 

(1 < < T ’ ^ means * * trace ^ ’ or less than 0.5 ])er cent. 

results given in table 5 were used to determine correlation between the 
average storage tenii)eralure and the percentage of cull net uetirosis and of 
total net necrosis. The correlation coefficients are resj)eetively -i 0.845 and 
1-0,852 for the samples from P^ield 1 and 4 0.893 and • 0.879 for the samples 
from Field 2.^ The relationship may be expressed b}" equations for linear 
regression as follows: 

Field 1, cull nct-necrosis percentage = 0.57 (average ° F.—112.7"'F.) 

Field 2, cull net-necrosis percentage = 1.73 (average ° F.—32.1'^'F.) 

Field 3, cull net-necrosis percentage - 0.56 (average ''F.—29.0'^ F.) 

Field 4, cull net-necrosis percentage -1.47 (average ° F.—27.8^ F.) 

This means, for example, that for every degree of temperature over 32.7° F., 
the samples from Field 1 developed 0.57 per cent cull net necrosis. There¬ 
fore the proportion of tubers developing either cull net necrosis or all 
degrees of net necrosis was determined largely by the excess of average 
temperature over a given temperature that varied, with the four sets of 
determinations, from 27.8° to 32.7° F. 

8 Highly significant (18, Table 16). 
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a Prom part of field treated differently from other parts sampled. 
5itT>> means *‘traceor less than 0.5 per cent, 
c The maximum was 39 per cent at 47'= P. and 53 per cent at 6(r F 
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There is not a similar relationship between temperature and stem-end 
browning in this test, becaitse the lower temperatures had a greater in¬ 
hibiting effect upon this kind of discoloration than upon net necrosis. 

EFFECT OF TIME OF EXAMINATION 

All internal discoloration had developed by December 15 in the 1937 crop. 
In the 1938 crop, the maximum of net necrosis was reached by November 23 
and December 27, respectively, in tw^o series, but of stem-end browning not 
before February 11 (time of last examination of any samples). In the 
1939 crop, the maximum net necrcf.is was reached in February and the 
maximum stem-end browning by mid-December. Similar data for the com¬ 
posite samples of later crops are given in table 6, and show that there usually 
was some net necrosis and stem-end browning at harvest. Harvest dates 
occurred from September 12 to October 13. Most of either kind of dis- 

TABLE 7.— Net necrosis and siem-end browning in duplicate samples in the same scries 


Crop 

Tempera¬ 

ture 

Period 

Field 

8jim])le 

Special 

treatment 

Net 

necrosis 

Stem end 
browning 


oy. 

Days 




Ter cent 

Per rent 

1942 

52 

150 

1 

A 


0.1 

19.6 





B 


0.6 

19.7 




2 

A 


1.2 

41.0 





B 


0.6 

37.8 




3 

A 


35.5 

6.2 





B 


36.1 

6.1 




4 

A 


15.1 

15.2 





B 


15.3 

14.4 

1943 

50 

120 

1 

A 


0.3 

24.6 





B 


1.1 

30.7 





C 

(Mippinga 

1.8 

4.3 





D 

Splittinffb 

1.9 

5.3 





E 

Bo 

0.4 

5.1 




2 

A 


0.3 

2.0 





B 


0.5 

2.3 





0 

01ii)i>iiig 

0.0 

0.0 





1) 

Splitting 

0.0 

0.0 





E 

Bo 

0.0 

0.0 




3 

A 


20.9 

4.9 





B 


20.5 

4.7 





C 

Clipping 

10.1 

0.3 





B 

Splitting 

6.1 

0.0 





E 

Bo 

4.1 

1.0 




4 

A 


19.6 

8.4 





B 


18.1 

8.0 





C 

Clipping 

14.0 

0.0 





1) 

Splitting 

10.4 

0.0 





E 

Bo 

14.6 

0.0 

1945 

60 

100 

1 

A 


9.8 

35.8 





B 


10.1 

34.1 




2 

A 


33.3 

2.0 





B 


33.4 

2.6 


a Each tuber had ^ inch of the stem-end clipped off at the beginning of storage, 
b Each tuber was split at the beginning of storage, half going into sample D and 
half into sample E. o i 
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coloration developed in storage. Net netfrosis reached a maximum by 
October 19 to Ai)ril 29, usually by the end of January. Stem-end brown¬ 
ing reached a maximum by October 4 to May 16, usually by the end of 
February. 

DUPLICATES 

Comparisons 2, 6, and 7 of table 1 show that, in the 1940 crop, duplicate 
samples in the same series developed practically the same percentages of 
tubers affected with net necrosis or stem-end browning if kept for the same 
length of time at the same temperature, even if in different lockers. 

Duplicate sanij)les of the crop of 1942 were kept at 52"^ F. for 150 days. 
The results of examination, given in table 7, show very close agreement be¬ 
tween duplicates. 

Duplicate samples of the crop of 1948 were kept at 50® F. for 120 days. 
The results, given in table 7, sliow very close agreement between nontreated 
dupli(*ates in most cases. Duplicates with the stem-end clipped off for I 
inch at the beginning of storage had net necrosis usually reduced and stem- 
end browning eliminated or greatly reduced. Splitting of the tubers at 
the beginning of storage to make two split-tuber duplicate samples had the 
same reducing effect as clipping, and the split-tuber duplicates often agreed 
with one another less than the wJiole-tuber du])lieates in the same series. 

Duplicate samples of the crop of 1945, kept at 50® F. for 100 days, also 
agreed closely one with another (Table 7). 

Altogether, these results showed that the composite samples made as 
described were re])licates very similar as to potentiality for the development 
of net necrosis or stem-end browning. Repeated examination of the same 
tubers apparently does not yield reliable data. 

EFFECT OF SIZE OF TUBER 

Using the crop of 1937, Folsom and Rich (4, p. 321) showed that stem- 
end browning increased in frequency as tuber weight decreased, while net 
ne('rosis, where abundant, decreased in frequency. 

When the 72 samples from the crop of 1945 were examined, in each in- 
slfUK'.e the record of net necrosis and stem-end browning was made by cen¬ 
turies of tubers, always examining in turn the 100 apparently largest as a 
groiij) until the sample was finished. From the records thus obtained, the 
average was determined for the 8 or 9 centuries of largest tubers stored en¬ 
tirely or predominantly at 34® F., then for the next largest tubers, and so 
on; this was repeated for temperatures of 38®, 44®, and 50® F. 

The results, in table 8, show that in each field, at every storage tem¬ 
perature, the iiercentage of tubers developing net necrosis, whether cull, 
mild, or total, tended to decrease with smaller tuber size with few exceptions. 
For example, the part of the crop from P^ield 2 kept at 50® F. averaged 46.3 
per cent net necrosis for the largest-tubcr centuries and decreased, as rela¬ 
tive tuber size decreased, to 41.5, 37.1, 33.0, 23.6, 21.4, and 17.9 per cent, 
respectively, for the centuries with progressively smaller tubers. One pos- 



TABLE 8.- 

1945 

-Effect of tuber size on net necrosis and stem-end browning. 

Crop of 

Field 

Tempera- 

turea 

Centuryb 

Tubers with 
net necrosis*’ 

Tubers wit! 
stem-end 
browning 

hi 

All 

Batio cull per¬ 
centage to totdl 
percentage 




Guild 

Mild* 

All 

Guild 

Mild® 

N.N. 

S.E.B. 




Per 

Per 

Per 

Per 

Per 

Per 




°F, 


cent 

cent 

cent 

cent 

cent 

cent 



If 

34 

1 

1.0 

5.1 

6.1 

0 

0 

0 

0.164 




2 

0.8 

2.8 

3.6 

0 

0 

0 

0.222 




3 

0.9 

2.3 

3.2 

0 

0 

0 

0.281 




4 

0.7 

1.0 

2.2 

0 

0 

0 

0.318 




5 

0.8 

1.0 

1.8 

0 

0 

0 

0.444 




C> 

0.9 

0.6 

1.4 

0 

0 

0 

0.643 



38 

1 

4.2 

7.0 

11.2 

0 

0 

0 

0.375 




2 

3.2 

3.0^ 

6.8 

0 

0 

0 

0.471 




3 

3.2 

.1.0^ 

6.2 

0 

0 

0 

0.516 




4 

3.2 

1.8 

5.0 

0 

0 

0 

0.040 




5 

2.7 

1.2 

3.9 

0 

0 

0 

0.092 




6 

1.8 

1.1 

2.9 

0 

0 

0 

0.621 



44 

1 

12.0 

2.0 

14.0 

0 

2.0 

2.0 

0.863 

0.000 



2 

11.1 

2.4 

13.6 

0.2 

2.0 

2.8 

0.816 

0.071 



3 

8.7 

1.9 

10.6 

0.3 

4.0 

4.9 

0.821 

0.061 



4 

8.0 

1.3 

9.3 

1.2 

5.1 

0.3 

0.800 

0.190 



5 

1.7 

1.2 

5.9 

1.6 

3.1 

4.7 

0.797 

0.340 



0 

1.4 

0.4 

4.9 

2.1 

1.0 

3.7 

0.S98 

0.568 


30 

1 

10.0 

1.9 

18.5 

1.3 

21.3 

22.5 

0.897 

0.058 



2 

12.0 

1.1 

13.1 

3.8 

23.5 

27.3 

0.916 

0.139 



3 

9.4 

0.8 

10.1 

10.0 

18.3 

28.3 

0.931 

0.353 



4 

9.9 

1.0 

11.5 

13.9 

14.5 

28.4 

0.801 

0.489 



5^ 

0.1 

1.8 

7.9 

10,5 

8.1 

24.0 

0.772 

0.671 



0 

4.9 

1.4 

(i.3 

15.5 

3.3 

18.8 

0.778 

0.824 

£c 

34 

1 

7.4 

14.7 

22.1 

0 

0 

0 

0.335 




<> 

0.0 

9.2 

J5.8 

0 

0 

0 

0.418 




3 

0.9 

7.0 

13.9 

.0 

0 

0 

0.496 




4 

.'>.3 

4.1 

9.5 

0 

0 

0 

0.558 




5 

4.3> 

2.1 

6.4 

0 

0 

0 

0.672 




0 

5.1 

0.9 

6.0 

0 

0 

0 

0.850 




7 

3.1 

0.2 

3.3 

0 

0 

0 

0.939 



38 

1 

18.2 

12.0 

3(».8 

0 

0 

0 

0..591 




2 

13.0 

8.3 

21.3 

0 

0 

0 

0.610 




3 

12.8 

5.6 

1S.3 

0 

0 

0 

0.699 




4 

11.0 

3.4 

14.4 

0 

0 

0 

0.764 




r. 

9.3 

2.1 

11.4 

0 

0 

0 

0.816 




0 

8.1 

1.2 

9.3 

0 

0 

0 

0.871 




7 

r,.3 

0.2 

0.0 

0 

0 

0 

0.955 



44 

1 

37.4 

5.0 

42.4 

0.1 

0.1 

0.2 

0.882 

0.500 



o 

33.3 

4.1 

37.4 

0.1 

O.J 

0.2 

0.890 

0.500 



3 

25.0 

3.4 

29.0 

0.0 

0.1 

0.7 

0.883 

0.857 



4 

25.S 

1.4 

27.2 

0.0 

0.1 

0.7 

0.949 

0.857 



.5 

21.7 

1.2 

22 9 

0,9 

0.2 

1.1 

0.948 

0.818 



0 

19.3 

0.8 

20 !! 

1.0 

0.1 

1.1 

0.960 

0.909 



7 

10.0 

0.2 

10.2 

0.8 

0 

0.8 

0.988 

1.000 


50 

1 

42.5 

3.8 

46.3 

0.1 

0.4 

0.5 

0.918 

0.000 



2 

39.5 

2.0 

41.5 

0.8 

0.3 

1.0 

0.952 

0.800 



3 

35.0 

2.1 

37.1 

1.5 

0.3 

1.8 

‘ 0.943 

0.833 



4 

31.4 

1.6 

33.0 

2.0 

0.3 

2.3 

0.952 

0.870 



.5 

23.0 

0.6 

23.6 

2.4 

0.1 

2.5 

0.975 

0.960 



6 

20.3 

l.l 

21.4 

3.5 

0.4 

3.9 

0.949 

0.897 



7 

17.5 

0.4 

17.9 

2.9 

0 

2.9 

0.978 

1.000 


a Temperature at Avlileh all or most of the storage period of 3.5 to 128 days was spent. 

b Each 100 tubers were selected as the hirgest appearing ones in the sample. Hence 
those in the first century were the largest, those in the second were the next largest, etc. 

« Each figure represents 800 or 900 tubers, 100 from each of 8 or 9 samples. 

Cull net necrosis or stem-end l>rownmg is that which causes more than .5 per cent 
sliccd-ofiP waste. ^ 

eMild net necrosis or stem-end browning is that which causes less than 5 per cent 
sliced-off waste. 

t With seed-originated leafroll in 5 i)er cent of the hills. 

K With seed-originated leafroll in 12 per cent of the hills. 
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sible explanation of this positive correlation between relative tuber size and 
percentage of tubers with net necrosis is that there was a corresponding cor¬ 
relation between relative tuber size and new lea troll infection. Another is 
that with the same incidence of leafroll infection there was a tendency for 
larger tubers to react more often than smaller ones by developing net 
necrosis. Finallj^ both may occur. 

The results with respect to stem-end browning were somewhat similar in 
the 44^^ and 50° F. series of samples from Field 2, in cull and total per¬ 
centages. Here the i)er<?entage tended to increase with smaller tuber size. 
In Field 1 there was no correlation between tuber size and tx)tal percentage. 
The cull ])ercontage increased and the mild percentage decreased with 
smaller tuber size, j)resumably because stem-end browning was shallow in 
all tubers and caused 5 per cent waste more often in smaller tubers. 

An increase in the ratio of cull percentage to total percentage with a 
decrease in tuber size, Avas true (Table 8, last two columns) generally of both 
kinds of discoloration. It was less pronounced with respect to net necrosis 
in samples held at 44° and 50° F.. j)robably be(*ause tliese temperatures were 
opiimum not only for ])ercentage of tubers developing the symptom but also 
for penetration deep enough to cause 5 per cent waste even in most of the 
larger tubers. 

RATIO OF NET NECROSIS TO NEAV LEAFROLL INFECTION 

Net necrosis ai)pears in late summer or fall before harvesting, or in 
storage. It apj)ears only in tubers that have been invaded by the leafroll 
virus during the growing sea.son in which they wore produced. Such tubers 
may be called jiotentially net-necrosis tubers. The proportion of these that 
actually develop net necrosis is a ratio that sometimes varies with tuber size. 

Using data of Schultz and Folsom (16. p. 70) on the crop of 1919, the 
following relation between tuber weight and percentage of newly infected 
leafroll tul)ers showing net necrosis is calculable for three seed stocks: 

TulK*rwcig]it,inoz. ‘J 2-^ 2-4 2-5 2-0 2-7 2-8 2-0 2-10 2-11 

N N/liU, in per edit, lot A 54 59 (55 60 07 68 69 71 72 

B 67 67 75 71 75 72 72 72 72 67 

C 0 1(10 100 83 82 88 87 87 87 

Ill lot A then* is a consistent increase in the ratio as tlic average tuber weight 
is greater. The same ndation is evident from further data of Schultz and 
Folsom (17, ]). 64) on the crop of 1921: 

Tubi'T wtMKht. in oz. 1—2 1—3 1-4 1-5 1-C 1-7 1-K 

XNVl-lt, in per cent 45 59 64 67 71 76 79 

The jiroportioii of net necrosis to new leafroll infection probably varies 
also with variety, tempc^ratiire, length of time elapsed after maturing of the 
tubers, time of plant inoculation by aphids,* time of harvesting (11, p. 296), 

^ Tlie rosultH of grafting by Boiuto, Simpson, and Howy (15) in the summer of 1944 
wore that the jiroportion of leafroll tubers that showed net necrosis rose from 0.08 in grafts 
made July 5 to 0.82 in grafts made August 9 and thou deedined to 0.5.3 in grafts made 
Sc]»tenih(*r 2. If experimental infection by aphids should show a similar correlation be¬ 
tween time of infection and proportion of newly infected leafroll tubers that get net 
necrosis, it would be reasonable to suppose that the proportion referred to might vary 
from one field to another according to the time of the greatest infection by aphids. 
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degree of maturity at harvesting (10, p. 498), and kind and amount of 
mineral fertilizer applied (11, p. 297-298; 12, p. 432-433; 13, p. 218-219). 
It therefore should not be surprising to find that the NN/LR ratio varies 
considerably even ^vhen all the leaf roll is of recent infection. F'olsom and 
Rich (4, p. 315) found in the crop of 1937 an average ratio of about 1: 3.3, 
With extremes of 1:1 and 1: 9, among 29 (Ireen Mountain seed stocks. In 
the 1939 crop grown on Highmoor Farm, near Monmouth in southwestern 
Maine, although half the tubers were newly infected with leaf roll there was 
no net necrosis in samples stored at 32°, 37°, 41°, 45°, 54°, 72°, 77°, 
and 86° F. / 

In Aroostook-grown samples of the crop of 1942, the ratio of net necrosis 
percentage (at 51° F.) to new leaf roll i)ercentage varied considerably be¬ 
tween different varieties and between different samples of Green Mountains. 
It was less than 0.01 for Chippewa, about 0.05 for Sequoia, about 0.10 for 
Katahdin, about 0.20 for Sebago, from about 0.20 to 0.40 for Irish Cobbler, 
and 0.27 to 1.00 (averaging 0.79) for 14 Green Mountain samples, as com¬ 
pared with 0.20 for Green Mountain growji on Highmoor Farm (12, p. 220 
and 276). 

EFFECT OP REGION 

Stem-end browning was found in 28 of 30 bins examined in central 
Maine in the 1929 crop, with an average of 9 per cent of tin* tidiers affec'ted. 
The 1929 crop in Aroostook County in northeastern Maine had considc^rable 
net necrosis, but only one stored stock had an appreciable amount of stem- 
end browning. The 1937 crop in Aroostook County had still more net 
necrosis, but of 52 stored stocks examined, only 4 had more than 1 per 
cent of the tubers with steni-end browning. 

At harvest time in 1942 in Aroostook (V)unty, soil temperature was found 
to be slightly below the optimum temperature for the develo])ment of net 
necrosis. One locker was held at the same temperature as that of the soil 
during harvest time, and sami>les kept in it developed almost a.s much net 
necrosis and stem-end browning as samples kept at 51° F. 

In Peimsylvania'"* although several types of stem-end browning were 
troublesome, leafroll net necrosis was seldom found. 

In New York, on Long Island, Green Mountains are subject to consider¬ 
able leafroll sx)rcad, but develo]) little if any net necrosis. The reason prob¬ 
ably is the high soil temperuture prevailing (over 70° F.) up to the time 
potatoes are harvested (1, p. 9). 

^ Aphid transmission of leafroll to caged plants in Wisconsin in 1927 in¬ 
duced net necrosis evident on October 25, two months after harvesting, in 
50 to 100 per cent of the tulw'rs (6, p. 28-31). Net necrosis apparently was 
common in Vermont in 1926 (6, p. 10). 

Considerable spread of leafroll occurred in Indiana in about 1922 but 
a))pareiitly without causing net necrosis (5) although the variety coueerned 
has shown net necrosis in Maine. 

5 Letter of April 25, 1940, from K. W, Lauer, Plant Pathologist of the I'eunsylvania 
Htate Dept, of Agric., in charge of potato seed certification. 
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Generally it seems from the literature and from the temperature relations 
disclosed in this paper, that net necrosis can develop as a symptom of leaf- 
roll only in certain northern states. If a state or potato region is far enough 
South, soil, storage, and market are too warm for the development of net 
necrosis even if leafroll spreads readily and varieties are grown that easily 
develop the symptom at optimum temp4‘ratures. If a state or potato region 
is far enough North, leafroll is not common and does not spread often. 
There is a zone where leafroll spreads fairly often and where the tempera¬ 
ture at the end of the growing season and at the beginning of the storage 
season favors the development of net necrosis; here either potato growers 
learn to grow a variety with i>i‘actieally no net-necrosis potentiality (such 
as Bliss Triumph, Katahdin, or Chippewa) or else take their losses from 
growing varieties (such as Green Mountain) that will develop the symptom 
when leafroll dissemination, optimum storage temperatures, and other fac¬ 
tors favorable to the ex[)r(‘ssion of this defect occur in the same season. 
After working in Maine storages (2), Edgar writes (letter of September 18, 
1945) that ‘‘in the (‘arly ])art of storage the average temperatures in Maine 
storages will be 48^"; the average to January 1 is usually 44° although the 
tem])erature January 1 may be below 40°.’’ Therefore most storage tem¬ 
peratures in Maine may be considered generally about optimum for the 
development of net necrosis in Green Mountains under the prevailing con¬ 
ditions of well-distributed diippewa and Green Mountain sources of leafroll 
dissemination. 

INCREASE IN TRANSIT 

Eight stocks of i)Otatoes of the crop of 1939 were saiiijiled by Cedric 
Porter, inspector foi* the Division of Markets, Maine State Department of 
Agriculture. From each stock three similar samples were taken. One was 
examined immediately, on<‘ was returned to the storage whence it came, and 
one was sent on with a carload of potatoes and was examined by one or an¬ 
other local inspector at the point of destination of the shipment (Washing¬ 
ton, D. C., Pittsburgh, Cleveland, Baltimore, Philadelphia. Brooklyn, or 
Boston). The percentage of potatoes commercially defective'^ from internal 
discoloration of the net-necrosis and stem-end browning types increased 
more in home storage than in transit in four out of six comparisons where 
the!-(» was an increase. In the other two comparisons it decreased less in one 
case. Therefore there was no evidence that shipment induced consistently 
cither more or less increase than home storage. 

However, in the case of stocks kept at minimum temperatures, there 
could bo an increase of net necr(»sis and stem-end browning in transit and 

0 ‘‘Commoreinlly defoetivo’’ inoans that a tuber loses over o per cent of its weight 
in the course of linving all discolored tissue sliced off. The 5 per cent waste test dis¬ 
qualifies some smull tubers because of stem-end browning, in s^jite of tht* discoloration 
being comparatively shallow. Since waste is determined by slices at any angle to give 
elimination of internal discoloration with the least loss of weight, some large tubers may 
have net necrosis without being disqualified by the 5 per cent test. Inspectors d^^ 7iot 
differentiate the two kinds of discoloration in their records and do not include all that 
there is of either kind in their records. 
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market, especially early in the season, due to change of temperature from 
too low to optimum. After low temperature has acted long enough on a 
stock to permaiientlj" inhibit further deve]oi)ment of these internal dis¬ 
colorations even at optimum temperature, shipments from such stock may 
be characterized by much less internal discoloration than parallel shipments 
from other stocks not kept at a low enough temperature to prevent the 
development of internal discoloration within 90 to 120 days after harvest. 

The r(»sults previously described for the samples of the crop of 1945 show 
that considerable increase in per<*cntage of tulwu's with net necrosis can occur 
in a week or two at 50° P. followinj:^ periods at lower temperatures. This 
could easily explain some ditferences between iiisj)ectors’ reports at point of 
shipment and those at destination. However, such differences could be due 
in part to unreliable or insufficient sampling, bearing in mind especially the 
effect of tuber size. 

CONTROL 

Control of net necrosis or stem-end browning through the permanently 
inhibiting effect of an initial period at a low temperature probably would 
require artificial refrigeration of storages. The low lemperalur(*s reciuired 
would prohibit keeping Cliippewa or Katahdin jxdatoes in the same storage* 
because of mahogany browning (7; 12, p. 291). Control ot‘ stem-end brown¬ 
ing through the permanently inhibiting effect of an initial period at a high 
temperature such as 70° would require heating of storages within a very 
narrow range, inasmuch as 60° P. is not far from the oj)tiniuin for develop¬ 
ment of the discoloration. Heat prevention might be ])racticable for the 
control of net necrosis. However, heating may be dangerous inasmuch as 
the percentage of tubers developing late blight has been increased from less 
than 5 per cent, at F. for 60 <lays followed by 50° F. for 60 days, 

to over 20 per cent, at 65-70° P. for 15 to 60 days followed by 50° for 60 
days (13, p. 288). 

Knowledge of the optimum lemperatui'e and required period of time for 
the development of net necrosis and stem-end browning has h(*lT)ed indi¬ 
rectly toward control through improving tests of the effects of strain, variety, 
fertilizer, etc., upon these discolorations. 

The work reported in thLs paper indicates that the control of leafroll 
through selection of stocks showing little or no net necrosis in samples kept 
at optimum temperature, is not feasible because of the low ratio of net 
necrosis to new leafroll infection in some fields. 

w Reasonably good control of stem-end browning irl the Green Mountain 
variety is possible through the use of seed stocks tracing back to certain 
sources in Vermont, Minnesota, and southwestern Maine (14, j). 530-531). 
An example was noted in discussing the temperature experiments with the 
crop of 1943. 

The most desirable means for the control of net necrosis and stem-end 
browning probably would be commercially suitable new varieties immune 
from the causes of both. 
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discussion 

The fact that early storage temperatures may determine largely the 
amount of net necrosis or stem-end browning, explains in part how differ¬ 
ences can arise with respect to these forms of internal tuber discoloration 
in different storage houses or in different bins in the same storage house 
even when filled from the same field. Differences in elevation of storage 
bins, in ventilation practices, in insulation, or in the temperature of the 
tubers harvested at different times, can influence the temperature enough 
to affect the development of the maladies in question. Interseasonal differ¬ 
ences also may be explained in part by differences in temperature at the 
time of maturity, harvest, and fall storage. 

Interesting questions awaiting biochemical study are why storage tem¬ 
perature influences the development of net necrosis and stem-end browning, 
why cli])ping of the stem-end and tuber splitting reduce such development, 
why tubfT size api)arenily sometimes influences this development, why leaf- 
roll infection indiu'cs net necrosis only when of recent 0(?currence, and Avhy 
only i)art of such re(^ent leafroll infection induces net necrosis even at 
o])timum temperature. 

SUMMARY 

Leafroll iiet necrosis of potato tubers develops in Maine mostly during 
the first two or three months after harvesting. The percentage of incidence 
becomes higlu'st at constant temperatures of about 45° to 50° P. and is very 
low at 33° and 70 \ These tlireshold temperatures in 60 days can change 
])oteritially net-necrosis tubers so that they will not develop the discolora¬ 
tion later even upon being .subjected to optimum temperatures. Greater 
tuber siz(* is sometimes correlated Avitli greater frequency of net necrosis and 
with a higher jirojairtion of net-necrosis tubers among those recently in¬ 
vaded by the leafroll virus. Varieties that do not develop net necrosis as a 
leafroll symptom become relatively more desirable when the spread of leaf- 
roll increases in a region characterized by soil and storage temperatures that 
are about optimum for net necrosis. Net necrosis can sometimes increase 
considerably in transit and market in the event of a change in temperature 
toward the optimum. Various factors can influence storage temperature 
and so indirc^ctly affect net necrosis. A number of field factors, but not 
relative humidity in storage, also can affect net necrosis. 

Stem-end browning of potato tubers in Maine, not attributable to bac¬ 
terial or fungus organisms, but apparently requiring a virus for its develop¬ 
ment, reacts to tem])erature and some other factors much as does net necrosis. 
However, the critical temperatures are somewhat higher, and smaller tuber 
size rather than larger increases the percentage of incidence. 

Maine Agricultural Experiment Station, 

Orono, Maine. 
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CONTROL OF VIRUS DISEASES OF CABBAGE SEED PLANTS IN 
WESTERN WASHINGTON BY PLANT BED ISOLATION 

Glenn S. Pound' 

(Accepted for publication September 14, 1946) 

INTRODUCTION 

Prior to 1942 practically all of the cabbage seed produced in the United 
States was grown in the Puget Sound area, the greatest concentration of 
acreage being in Skagit County, Washington. The lower Skagit valley is 
relatively small, being less than 25 miles in either dimension. Since cabbage 
is a biennial crop, there is no crucifer-free i)eriod during which disease inocu¬ 
lum and insect pests can be completely eliminated as a source of virus inocu¬ 
lum. Seed is sown in large plant beds^ in earl}’^ June and the ensuing seed 
crop harvested during July and August of the following year. Thus there 
is an overlapping period of about two months during which seedling plants 
for a crop just started are exposed to certain diseases and insect pests affect¬ 
ing the seed crops approaching harvest. 

It is a regular occurrence in this area for infestations of the cabbage 
aphid (Brevicorifiic hrassicae L.) to build up in seed fields during spring and 
to reach peak intensity during this two-month overlapping period. Winged 
forms migrate thence into young plant beds when the latter are in close 
proximity. Sin(‘e the cabbage aphid is a vector of crucifer viruses,*'' '' any 
such infection of seed j)lanls would be readily transmitted to seedling plants. 
Such has actually been the case. In the seed crops harvested in 1943 and 
1944 api)roximately 60 ])er (*ent of all seed i)lants were infected with cabbage 
mosaic.*' Of 6 large j)lant beds sown in June, 1943, for the 3944 crop, 2 were 
immediately adjacent to such seed fields and the other 4 were less than 100 
rods removed. By actual counts in 2 of these large plant beds, approxi¬ 
mately 80 per cent of the plants Avere infectetl with mosaic before they were 
transplanted. During the same season a small experimental plant bed 
grown by the Seed Laboratory approximately 30 miles from the seed-growing 
area had no (evidence of virus infection. 

' Associatt* Pathologist, Division of Fruit & Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administra¬ 
tion, United States Department of Agriculture, in cooperation with the Washington Agri¬ 
cultural Experiment Stations, The Vegetable Seed Production Laboratory. Published as 
Scientific l*aper No. 663, College of Agriculture and Agricultural Experiment Stations, 
State College of Washington, Pullman. 

2 The common practice is for a seed contracting company to grow plants for its 
entire acreage in one large plant bed. These plants are distributed to growers at 
transplanting time. 

3 Larson, R. K., and J. C. Walker. A mosaic disease of cabbage. Jour. Agr. Res. 
[U.S.] 69: 367-392. 1930. 

* Tompkins, C. M. A transmissible mosaic disease of cauliflower. Jour. Agr. Res. 
[U.S.] 56: 33-46. 1937. 

6 Tompkins, 0. M., M. W. Gardner, and H. Rex Thomas. Black Ring, A virus 
disease of cabbage and other crucifers. Jour. Agr. Res. fU.S.] 67: 929—943. 1938. 

3 Walker, J, C., Francis LeBcaii, and Glenn S. Pound. Viruses associated with 
cabbage mosaic. Jour, Agr. Res. [U.S.] 70; 379-404. 1945, 

10:15 
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Beginning: with the 1944-45 crop, it was recommended that seed com¬ 
panies isolate their plant beds, by several miles if possible, from such dis¬ 
eased fields. Conseciuently, 60 per cent of the plants transplanted in the 
fall of 1944 had been grown s(*veral miles from seed fields. The remaining 
40 per cent of the plants were from plant beds located within the seed-grow¬ 
ing area and near seed fields. For the 1945-46 crop over 90 per cent of the 
plants were from plant beds grown in isolated areas. It was thought that if 
healthy plants were used in the fall transplanting, the amount of mosaic in 
the seed fields would be materially reduced. Although it was surmised that 
aphid activity in the fall after transidanting would result in some infection, 
it was expected that the ultimat? extent of infection would not be great. 
This hope was based (ui the failure to find turnip fields severely affected with 
mosaic. Turnip, which is very susceptible to mosaic, is sown in late fall after 
ai)hid activity is greatly reduced and thereby evidently escapes severe infec¬ 
tions. This paper reports the effect of isolation of plant beds in reducing 
the amount of mosaic in cabbage seed fields. 

METHODS 

About 6 to 8 weeks after transplanting, a systematic disease survey was 
made of the cabbage acreage in both 1944 and 1945. At least 70 per cent of 
the acreage planted from each plant bed was included in the siirvey. In 
1944 a total of 85 fields, comprising 957 acres, was checked. This represented 
almost 80 per cent of the entire j)lanting in the Skagit area. In 1945 only 
63 fields and 601 acres were surveyed. This was a]>proxiinately 72 pej* cejit 
of the entire acreage. Tlic number of virus-infected ])lanls was counted in 
three sample rows (one on eacli side and one iji the middles of the field) of 
200 plants each for each field visited. If a field was planted with ])lants from 
different sources, 600 })laiits fivmi each source were checked and the ultimate 
percentage infection of the field didermiiuMl by averaging the values, weight¬ 
ing them according to the ]U’o])ortion of the field i)lanted from each source. 

Jn order to determine the extent of infection after the fall survey, the 
acreage of 1944-45 crop wtis again surveyed in the late s])ring of 1945 when 
plants were in early bloom, using the method described. This survey in¬ 
cluded 55 fields and 720 acres. Another limited survej- was mad(» one month 
prior to harvest in which a few selected fields were checked. This last survey 
was to determine the extent of severity of infections occurring in late spring. 

RESULTS 

The 19 i4-i5 Crop .—Durijjg the fall survey very great diff<u*ences existed 
between plants from isolated i)lant beds and those from local, nonisolated 
fdant beds. Plants from the isolated areas established themstdves more 
quickly and were more vigorous Avhen they entered the winter. Much of this 
difference in growth and vigor is attributed to the stunting of local-grown 
plants by the mosaic disease and to the relative freedom from this disease of 
plants from isolated areas. 
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Isolatiou of plant beds greatly reduced the amount of mosaic in trans¬ 
planted fields in the fall (Table 1). Over 53 per cent of the plants from 

TAIMjE 3 .—Effect of plant bed isolation 07i the amount of mosaic in cabbage seed 
fields, nt44-45 


Per- Percentage of fields with: 


Source of pljiiits and 
sonson of survey 

centage 

of 

plants 

in¬ 

fected 

No 

infec¬ 

tion 

Over 

15 per 
cent in¬ 
fection 

Over 

40 per 
cent in¬ 
fection 

Over 

GO per 
cent in¬ 
fection 

Fields planted from isolated beds; 
Fall, 1944 . 

Fields ]>laiited from isolated beds: 
Spring, 194fi 

0.8 

42.0 

0.0 

0.0 

0.0 

3.0 

2.9 

2.9 

0.0 

0.0 

Fields idanted from local beds:a 
Fall, 1944 

53.0 

0.0 

100.0 

69.4 

30.6 

Fields planted from local bedsib 
Spring, 1945 

55.1 

0.0 

100.0 

84.2 

42.2 


“ Tncludes 2 large plant bc<ls and several smaller ones. All were grown within 1 mile 
of a diseased seed field. 

Jiitiludes oiilj- the 2 large plant h(‘ds referred to in footnote a. 

loeal plant bods bad mosaic symptoms and no field in Avhicli they were used 
was fi-eo of infection. Oidy 0.8 j^er cent of the plants from isolated plant 
beds had mosaic synji>tonis, and 42 j)er cent of the fields had no infection 
at all. Those results are in si)ite of the fact that aphids occurred in plant 
beds in sufficient amount to cause widesi)read infection had they migrated 
from virns-infected plants. Table 2 shows the average percentage infection 

TABLE 2 .—Edation of plant bed isolation to amount of mosaic in cabbage seed 
fields, 1941-45 


Plant bed 


Degree of isolation from 
diseased seed fields 


xAverago percentage of 
infected plants in trans¬ 
planted fields 


A 

Excellent 

0.23 

B 

Excellent 

0.27 

0 

Excellent 

0.49 

D 

Excellent 

1.00 

E 

J*oor 

46.90 

F 

Very poor 

72.60 


of the acreage i)lanted from individual plant beds. Beds A, B, C, and D 
were in well-isolated areas, the closest (C) being 7 miles from the nearest 
seed field, with dense woods separating them. The other 3 were 20 miles or 
more from seed fields. Bed E was in the seed-prodneing area but was about 
200 rods from the nearest seed field. I3ed P was also within the seed-pro¬ 
ducing area and was only 20 rods from diseased seed fields. It is believed 
that infection found in fields using plants from isolated areas was initiated 
for the most part after transplanting, since many fields from each of the 
beds had no infection. These data show that isolation of plant beds was 
suflBcient to provide healthy plants at transplanting time. 
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Since aphids were found in many of the transplanted fields it was neces¬ 
sary to check the acreajjje a^ain in late sprinpj in order to determine the extent 
of infection after the fall survey'. This survey was made in early May when 
plants were in early bloom. Since aphid infestations in this area are very 
light in early spring and do not reach severe proportions until late May or 
June, it was believed that such a survey would reveal the approximate extent 
of losses this disease would effect in seed yields. The incubation period of 
the viruses in seed plants is 30 days or more and infections initiated as late 
as June would not effect serious losses. 

This late spring survey (Table 1) revealed that the acreage ])lanted from 
isolated plant beds was still markedly free of mosaic when compared with 
that from local plant beds, the average infections being 3.0 and 55.1 i)er cent, 
respectively. There was an increase in the amount of mosaic of both acre¬ 
ages of slightly over 2 per cent. The highest infection in any field from 
isolated plant beds was 20 per cent. Without exception, the fields showing 
the highest increase were those of late-maturing varieties which were trans¬ 
planted earliest in tlie fall and thus exposed longer to viruliferous aphids. 
The increase in the varieties transplanted later in the fall was much less. 
There was also an apparent relation between the percentage increase of 
mosaic and the amount of af)hids present in the fields in the fall. 

Some fields provided excellent tests of whether the beneficial effects of 
plant bed isolation would be lost by a])hid activity after transplanting. A 
few fields were set with plants from local plant beds except for 12 to 15 rows 
in the center of the field which w’ere set. w’ith plants from the same seed 
source but grown in isolated areas. These plants were all of the same age 
and w'cre transplanted (at inidseason) and grown under identical conditions. 
In the fall, 70 per cent ^>f the local-grown plants were infected with mosaic, 
while less than 1 per cent of the })lants from isolated plant beds Avere dis¬ 
eased. At the time of the spring survey the y)lants from isolated plant beds 
had only 4 per cent and 1 per cent mosaic in 2 such fields and were markedly 
superior in grow^th and vigor. The yield of seed harvested from the plants 
from the isolated plant bed in one of the fields Avas 220 per cent that har- 
A^ested from a comparable sample from plants groAvn locally. 

The average yield of seed in 1944r-45 on 582 acres grown from plants 
from isolated plant beds was 628 pounds per acre. In the same season the 
average yield from 485 acres grow^n from plants from local j)lant beds Avas 
359 pounds per acre. This constitutes a difference in average yields of 269 
pounds per acre. 

The :l9d5-46 Crop. — All of the plants for the 1945-46 crop AA^ere groAvn 
in well-isolated areas except for 6 small plant beds Avhich provi<led plants 
for 100 acres. Four of these small beds wore fairly well isolated while 2 
Avore close to heavily infected fields. When this crop w^as surveyed in Oc¬ 
tober, 1945, cabbage mosaic had been reduced to an almost insignificant 
status. The average percentage infection of the entire acreage was 2.4 per 
cent, and for the acreage planted from the local plant beds it was 10.1 per 
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cent. Not a single field planted from the isolated plant beds had as much as 
10 per cent diseased plants; 36 per cent of the fields were free of infection 
and the average infection in this acreage was 0.9 per cent. Results obtained 
the previous season indicated that the percentage of infection would remain 
low until harvest, at least late enough in the second season to avoid serious 
yield reductions. 

DISCUSSION AND SUMMARY 

The production of seed of biennial vegetable crops usually entails a sys¬ 
tem of culture that allow^s no crop-free period during which disease inoculum 
and insect pests can be destroyed or reduced. Under such conditions strict 
sanitation is necessary if a build-up of virus inoculum is to be avoided. Low 
standards of sanitation under such a system of culture created a tremendous 
build-up of virus inoculum in the cabbage seed crops of the Puget Sound 
area. Over 60 per <^ent of the plants of the entire cabbage seed acreage for 
1943 and 1944 harvests were infected with cabbage mosaic. Severe reduc¬ 
tions in seed yields resulted. It is difficult to control the cabbage aphid in 
this area sufficiently to prevent widespread virus infection. Consequently, 
it was ne(H*ssary to avoid infection during the period when viruliferous 
aphids were extremely migratory. Infection of cabbage seed plants was 
avoided by isolation of plant beds from diseased seed fields. 

In seed fields of the 1944-45 crop planted from isolated plant beds, the 
amount of mosaic 7 to 8 months after transplanting was only 5 per cent of 
that found in the crop, as a whole, grown in the same area during the 2 pre¬ 
ceding years. This reduction is similar in degree when comparison is made 
with the 1945-46 fields planted from plant beds grown proximal to diseased 
seed fields. In the 1945-46 crop over 90 p(T cent of the plants were grown 
in well-isolated areas and the average infection of the entire acreage 8 weeks 
after transplanting was only 2.4 per cent. Thus, by plant bed isolation, 
cabbage mosaic has been reduced to a relatively insignificant .status. It is 
thought that this reduction can be maintained by reasonable care and caution 
in locating plant beds. Wild cruciferous and non-cruciferous hosts do not 
appefir, as a general rule, to be responsible for more than scattered infections 
in cabbage fields. 

The Washington Agricultural Experiment Stations 

IN COOPERATION WITH 

Division of Fruit and Vegetable Crops and Diseases, 

Bttreau op Plant Industry, Soils, and Agricultural 
Engineering, 

United States Department of Agriculture. 



YIELD KEDUCTIONS BY LOOSE SMUT OF WHEAT^ 

Leroy E. Compton and Ealpii M. Caldwell 
(Accepted for publication September 18, 3946) 

The persistence of high levels of infection with loose smut, UstUago iritici 
(Pers.) Rostr., in the soft r(*(I winter wheats of the middle western states 
during the past decade has frecpieritly raised the question ol’ the relation of 
the degree of infection to yield losses. This paper reports the results of a 
study of this (luestion during 19^^1 and 1942. A study of the effects of loose 
smut on yield of barley has beer! published by Semeniuk and Ross (2) and 
the effects of simulated loose smut losses in wheat by Brown (1). 

METIIOIJS AND MATERIALS 

Two higlily susceptible varieties, Purdue No. 1 and Wabash, were studied 
ill 1941 and 1942. Two lots of seed of each variety from lightly and severely 
infected fields were obtained from the 1940 crop on the Purdue Soils and 
Crops farm at Lafayette, Indiana, for use in the 1941 study. The heavily 
infected seed of Purdue No. 1, studied in 1942, was obtained from a severely 
infected commercial field at Thorntown, Indiana, and the two lots of Wabash 
seed and the lightly infected Purdue No. 1 from the Purdue Soils and Cro])s 
farm. There was no evidence in the experimental plots of any significant 
amount of s(‘ed-ti*an.smitted disease other tlian loose smut. 

In the 1941 studies, all seed was sown at the rate of 6 pecks per acre. In 
1942, all Wabash seed and the lightly infected l^lrdue No. 1 was sown at 
the 6-peck rate. However, because of low per(*entage germination, the 
heavily infected Purdue No. 1 was sown at 9 fiecks per aer(‘. All seed was 
treated with one-half ounce [)er busht*! of New Improved C(*resan (ethyl mer¬ 
cury phosphate). The iiumbtT of heads of each variety (Table 1) in the 
severely smut-infected plots nearly equalled or exceeded those in the liglitly 
infected plots. 

The te.sts in both 1941 and 1942 Avere sown in randomized blocks with 10 
replications. Each plot consisted of three 18-foot roAvs from Avhich 16 feet 
of the center row A\as harvest(»d for yield d(‘terminations. Counts of the 
numbers of heads produccul and numbers of heads smutted were made on 3 
feet of one end of a single row of each variety in each replication, after the 
row ends had been trimmed. The significance of ditfcrences was determined 
by the analysis of A^ariauce. 

The theoretical yield of each variety on a smut-free basis was derived 
from the yield of the lightly infected entry corrected for an assumed yield 
reduction equal to the small percentage of loose smut infection. The yield 
reduction in a given variety attributable to the severe loose smut infection 
was calculated as the difference between the yield of these entries and the 

1 Cooperative investigations by the ITnited States Department of Agriculture and the 
Purdue University Agricultural Experiment Station. (Journal Paper No. 244 of the 
Purdue Umveraity Agricultural Experiment Station.) 

1(M() 
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TABLE 1.— Yields of 2 varieties of wheat, lightly or severely infected with loose 
smut, in 1941 and 1942 


1941 


1942<* 


Wheat variety and data 
obtfiiiicd 


Purdue No. 1 

Seeding rate per acre (pecks) 
Head counts 
Number^ 

Percentage smutted 
Actual acre yields (bu.) 

Yield reduction*' (per cent) 

Wabash 

Seeding rate per acre (pecks) 
Head counts 

N umber» . 

Percentage smutted .. . 

Actual acre yield*^ (hu.) . . 

Yield reduction^ (per cent) . 


Seed Seed Seed Seed 

lightly severely lightly severely 

infected infected infected infected 


6 

6 

6 

9 

119.8 

120.0 

75.2 

89.5 

1.3 

7.3 

4.5 

35.9 

41.8 

39.2 

15.6 

30.1 


7.4 


38.2 

6 

G 

6 

6 

115.7 

307.4 

78.7 

88.1 

1.6 

13.2 

1.9 

8.4 

38.3 

33.7 

17.8 

16.7 


13.4 

.. .. 

7.9 


a Means of 10 replications, each taken for 3 feet of drill row. Significant differences 
at the 5 per cent level between total numbers for different treatments -10.7 heads in 
1941 and 10.5 heads in 1942. 

Means of 10 replications. Significant yield differences between treatments at the 
5 per cent level =2.0 bushels in 1941 and 2,8 bushels in 1942. 

Percentage of the theoretical yield on a smut-free basis. 

Sev<*n? infestation with IL'ssian fly accounts for low yields. 


tlu'orotical yield on the smut-free basis of the variety concerned. Tliese 
differences (Yield reductions in table 1) were expressed as the percentages 
of the theoretical yields. 


PRESENTATION OP DATA 

In the 1941 tests, the numbers of heads per unit area of plot of the lightly 
and severely’ infected entries of each variety were closely comparable, the 
difference being considerably less than that recpiired for significance. The 
percentage yueld reductions attributable to the severe loose smut infection 
in both IMirdue No. I and Wabash closely’ approximated the percentage of 
lu^ads destroyed by loose smut. These comparisons involved a 7.4 per cent 
y’ield reduction in Purdue No, 1 associated with 7.3 per cent loose smut, 
and a 13.4 per cent ydeld reduction in Wabash associated with 13.2 p(*r cent 
loose smut. The data are presented in table 1. The yueld losses were sig¬ 
nificant at the 5 per cent level. 

The results of the 1942 tests corresponded rather closely with those of 
the preceding year for the variety Wabash (Table 1). A much more 
severely infected seed lot of Purdue No. 1 was used in 1942. The smut 
infection in plots from this seed averaged 35.9 per cent and was attended 
by a ydeld reduction of 38.2 per cent. This seed, sown at a 9-peck rate, 
gave numbers of heads per unit area significantly’ greater than those from 
the lightly infected seed sown at the 6-peck rate. 





1042 


Phytopathology 


[VoL. 36 


DISCUSSION AND CONCLUSIONS 

Tlie yield Josses of grain, attributable to loose smut in the two wlieat 
varieties studied, closely approximated the pereontago of heads infected with 
loose smut in both 1941 and 1942. 

The possibility of confusion in the interpretation of these results because 
of the possible occurrence of other seed-borne diseases in certain seed lots 
is not believed to be a significant consideration in this study. Tn the 1941 
study all lots of seeds used were produced on the same farm. No significant 
infection with any seed-borne disease otlier than loose smut was to be ob¬ 
served in the plots in either year. Low germination in one seed lot, com¬ 
pensated for by increased seeding rate, was associated with a high proportion 
of thresher-injured and split kernels. 

These results are in agreement with the conclusion of Brown (1) who 
deduced from experiments on head removal that reductions in grain yield of 
wheat, resulting from loose smut, w’ould approximate the percentage of loose 
smut infection. The results are also similar to those of Semeniuk and Boss 
(2) wdio, working in Canada and Minnesota, found the percentage yield 
losses in spring barley to be ai)proximately as great as the percentage of loose 
smut infection. 

IT. kS. Department of i\GRicuLTURE, 
and 

Pttrdue University Agriciilttjral Experiment Station, 

Lafayette, Indiana. 
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GLOEOSPOlilUM VENETUM AND G. NEGATOR: TWO DISTINCT 

SPECIES ON RUBUS^ 

Anna K. Jenkins and C. L. Shear 
(Accepted for publication September 20, 1946) 

An unfortunate assumption that Gloeosporium necaior Ell. & Ev. was 
merely another name for G. venetum Speg. has resulted in a long-standing*: 
confusion in pathological literature relative to anthracnose of brambles 
(Rubus), The present discussion attempts to elucidate the several identi¬ 
ties of the two species concerned in the light of the original applications of 
these names and of subsequent usage. 

gloeosporii:m venetum speg. 

The original diagnosis of Glocosporntm vencivm Speg., published in 1879 
(19, p. 477) is as follows: 

GJoeoiiporiiim (Kugloeosp.) Vendum Speg. Maculae margi- 
nales, amorpliae, maximae. vel centrales rotundae parviilae, mellae 
vel oehraccae linea fusco-purjiuraseente einctae. Acervuli minuti, 
liromiimli, gregarii vel solitarii. atri. Conidia ellipto-cylindracea, 
7-8^2-2i^, granulosa et guttalata, hyalina. 

*‘Ilab. Ad folia viva vel languida. Kubi Chamaemori a Belluno 
& a Conegliano, Ant, .1877-78.’’ 

The material of this fungus available to us consists of a fragment ob¬ 
tained by Shear- from the si)ecimen collected by l^rofessor Spegazzini at 
Belluno, Italy, in October, 1878, and designated as Xo. 13 of his Supple- 
mrnto wl ])< cades Mycologkae Italieae preserved in the DeNotaris Her¬ 
barium at Ronie.'^ We may consider the fragment as part of tlie type; it is 
but a single leaflet (Fig. 1. A and B) bearing fructifications and having the 
pur])le-bordered discoloration mentioned in the description. 

On the basis of the l<*aflet at Jiand we have ascertained that the host of 
Glo(osporium venetum is definitely not Rubus chumaemorus L., cloudberry. 
Instead, it ])robably is one of the forms of R, fruiicosus L., the common 
European species of blai'kberry.^ It seems plausible to assume that Spegaz- 

1 An abstract of this pai>er for presentation has been pul)lished (13). 

2 In 1912 Dr. Shear, ns pathologist in charge of diseases of small fruits in the Bureau 
of Plant Industry, IT. S. Department of Agriculture, visited European myeological her¬ 
baria and was given fragment.s of typical material of fungi on these hosts, including that 
of Gloeosporhim venetum. 

Liiidau and Sydow (14, p. and Trotter (21, p. 249-2571 list Drcad€.*t 

Mycologicae italieae. issued in 1879, among the publications of Spegazzini; however, we 
have found no referenee to the supplement, nor do wc know whether it was distributed 
to all the original subscribers. It is not with the set in the Division of Mycology and 
Disease Survey, whieh is a comparatively recent acquisition. The supplement is also 
absiMit from S])egazzini’s own set of his Decades Mycologicae ifalicac in the Spegazzini 
Herbarium in the Institiito Botanica “Spegazzini," Museo, Thiiversidad Naeional de La 
Plata, La Plata, Buenos Aires, Argentina. We are indebted to Drs. L. H. Parodi and 
J. r. Tnuquist for this information supplied in 1943, together with the fact that there is 
entirely lacking in Spegazzini ^s herbarium any reference to tlie supplement, any .speci¬ 
mens from it, or any authentic material of his Olorosporium renetinn. 

* For this identification wo are indebted to Dr. S. F. Blake, V. S. Dept, of Agri¬ 
culture. 
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zini’s collection of O, venetum at Conegliano was also on U. fruticosiis. At 
that place, where the youthful mycologist was living at the time (cf. 21), he 
collected three other fungi on that particular host. These were reported 
upon by his friend and teacher Prof. P. A. Saccardo (cf. 15, p. 386, p. 420. 
and p. 423). 

Spegazzini’s preparations of his Gloeosporium venetum evidently did not 
reveal to him that the more or less flattened, dark fructification visible on the 
upper leaf surface is actually a thin-walled pycnidium. This dark body is 
astomous, more or less flattened, reaching 140-185 x 48-112 \i in dimensions 
(Fig. 1, C, D, and F).** Slender unbranched hyaline sporophores, reaching 
12 |j in length, are produced from practieall}' the entire inner surface of 
the relatively thin pycnidial w’all. Conidia in the preparations mea.siire 
4.8-5.8 X 1.6-2 |j. These somewhat smaller dimensions than in the original 
divseription could be accounted for by the .shrinkage of the material in fixing. 

Clearly, to avoid any further confusion, 8pegazzini’s pycnidial fungus 
on what is presumably R. fru tiros us from the Italian Adriatic region should 
no longer be referred to Gloeosporium. Insofar as we know’ this is the only 
correct record of O. venetum on Ruhusf moreover, w’e liave found no de¬ 
scribed sphaerojwidaceous fungus that seems definitely to apply to it. 
Phyllostivta fuseoiouata Thuem. (2, p. 14) on leaves of European red rasp¬ 
berry {Rubus ichieus L.), also from the Adriatic region, has certain features 
in cominou with JSpegazzini’s (/. venetum^ such as epiphyllous, lenticular 
j)y(uudia and hyaline spores of nearly the same size. On the other hand, 
marginal discolorations are not described for the Phyllosticta leaf spot, nor 
is the multizonate characteristic of this leaf spot mentioned for that of the 
Gloeosporium. rnfortunately, we have no authentic material of P. fusco- 
zouaiii for comparison with G. venetum. The original description of Phyh 
losticta fuscozonata is: 

Phifllmticta fuseoionata Thiini. nov. .spec. 

P[hyllosticta|. peritheciis epiphylli.s, sparsis, mediis, fuscis, lenti* 
cularibus in macula magua, irregularis vel subsinuosa, sordide fusea, 
griseo-fusco multizonata, ferrugineo indistincte cincta; sporis cylin- 
drico-oblongis, utriiupie rotundatis, rectis, plerumque biguttulatis, 
hyalinis, 7-9 mm. long., 3,5—4 mm. crass. 

Ad Rubildmi Lin. folia viva. Aest.—Plezzo (n. 778).’’ 

Under these circumstances, we are suggesting that GloeospoHum venetum 
8peg. Inay be regarded tentatively as a synonym of Phyllosticta fuscozonata 
Thuem.* 

•'i Acknowledgment is here made to Miss M.argnerite Wilcox, of the Division of Fruit 
and Vegetable Crops and Disea.ses, V. S. Department of Agriculture, for preparing the 
microseopic mounts employed in this study. These were embedded in parafliii and stained 
Avith triple stain. 

« Briosi (3, p. 278) report(*d (Hocosporium vnictnni on wild rose (Bosa) growing at 
Fnipiano, Bergamo, Italy. It Avoiild not be expected that the fungus in (jucHtion on rose 
was not pycnidial. If the spociiiien is still in exist mice it could be examined to determine 
whether it is not Sphaceloma rosarum (Pass.) Jenkins (9, p. 330). 

7 We should be glad to hear from any one who has an authentic specimen of this fun¬ 
gus. WV have ascertained that there is none in the Mycological Collections of the Bureau 
of Plant Industry, the FarloAv Herlmriimi, Harvard University, or the New York Botanieal 
Carden. 
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GLOEOSPORIXTM NEGATOR ELLIS & EV. 

In 1888, Prof. F. Ij. Seribiier (16) reported on Aiithraenose of the 
raspberry and bJaekberry” then “wide-spread and destructive’’ in the 
Ihiited States. He noted that Prof. T. J. Burrill (5) of Illinois, had previ¬ 
ously published an account of the disease. Scribner continued : “Professor 
Burrill did not name the fbut merely referred to it as the ‘ Raspberry 
Cane Rust/ the popular name by which it is known, stating?, however, that 
tbe parasite probably belonjred to the same group as the fungus that caused 
the disease of grapes known as Anthracnose. ... In November 1887, Messrs. 
Ellis and Everhart described the fungus under ccmsideration and, believing 
it to be a new sj)ecies, named it Olorospor}ifm neeator.^* 

Ellis and Everhart’s (6, p. 129) description is as follows: 

^^Gloeosporiiim ncvuior E. and E.—On living canes of black and 
red rasi)berry. 8ent from Evanston, 111., by Chas. Wheeler, August. 
1881, and from Cobden, Ill., by P. 8. Earle. June. 1884; also reeeiv(Ml 
from Columbus, Mo., dune 1887, from Ih T. Calloway. Spots cauli- 
eolous, pale, with a slightly raised dark border, 2-3 niillini. in diam¬ 
eter, orbicular or elliptical; spores obIong-eliii)tical. 5-7 • 3. oozing 
out in an aniber-coloretl mass through a single* openijig in the center 
ot‘ each spot. Reported as being very injurious. (». vihrium Sacc. 
(sic) [Speg. I has spores of about the .same si/e but is a foliicolous 
species. The Illinois specimens were rei)orl(‘d as PhifllostivJa nrcaior, 
but the fungus is evidently a (tlovosporium.^^ 

TInfortunately Scribner (10) in a laudable attempt to avoid dnpli(*ation 
of names accepted Spegazzini’s (‘arlier name jather than that of Ellis and 
Everhart. He explained ♦hat lie had “no sjn'cimens lor compai'ison, Init 
the description given by 8]iegazzini of (ilonfsporium n nr turn jniblished in 
1877 (sic), applies perfectly to the American fungus descrilM‘d by Ellis and 
Everhart in everything (xcept that it is .said to occur on h-aves.” He con¬ 
tinued : 

“In the descri])tion of (t. nf caior reference is onl>' iiiailc to its oceurn*nce 
on the canes; the facd of its being very common (»n the leav<‘s was a])])arentlv 
unknowii to the authors of the specie^s. Re(*(*nt ob.st*rvations Inne led to the 
iliscovery that no part of the plant above ground is free from the attacks 
of the parasite. It is occasionally seen attackinir the fruit, and tin* petioles 
and veins of the leaves arc often greatly disfigured by it.” 

Scribner’s adoption of (tJo( ospnrium vctu ttnn inst(*ml of ^r, nccuftn' re¬ 
sulted in the* almost complete displa(*ement ol H. (b*sigiiatiTig a 

destiiictive jjathogen on Jitthiis from Anu'riea, by an unknown Italian 
fungus also on Rid>us, viz. G. Vi'nvium Spog. An exception appears in 
Thaxter’s (20) report of “Anthraeiiose of the raspberry” in Foniieetieut, 
in 1889. in which he cited tbe pathogen as (rlovitsporiuni yifcniin' Ell. & Ev. 
“Numerous round or elongate white patches” are })rodneed “on the 
‘eanes,’ ” he stated, “and small yellowish spots on the leaves ” These saim* 
symptoms are illustrated in figure 1, G. The small leaf spot is. of course, 
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entirely distinct from the continuous Tnar<rinal discoloration produced by 
the true G. venetxim. 

Ellis evidently made no change in his description when he found that 
the fungus was “a Gloeosporlum.^^ In the “hlllis Collection’^ in the New 
York Botanical Garden the specimens, except for the Missoui’i material 
which is lacking, still appear under the unpublished name Phyllostieta 
nevdiar. A fragment of the specimen “on living black raspberry canes” 
collected at Anna (near C.obden), 111., in June, 1884, by Earle has been 
made available to us for examination through the courtesy of Dr. P. J. 
Seaver. The numerous small cankers present on the specimen are in keep¬ 
ing with tin* technical descrij>tion of them (Fig. 1, E). On their surfaces 
is the thick exposed stroma on which tin* “oblong-(*lliptical conidia” are 
borne as illustrated by Burkholder (4, fig. Ki) for the eoiiidial stage of 
hlsimn' vf tu ia. This conidial stage is typical of the form genus Sphacrlonia 
(le Bary (1, also cf. 12) where Burrill indicated it should be placed. His 
difficulty was that In* found the conidial stage from bramble so similar to 
S. ampvJihitm dc Bary (1). type of the genus Sphacelonia and pathogen of 
graju* anthracnose, that he could not satisfactorily distinguish the two. 
Scribner (17, )). 132) later referred to the “striking similarity” of these 
two fungi and ])ublished comparabh* drawings of acervuli (17, figs, lull 
and 1578, repnaluced in 10, figs. 1, A and B). Our cultural comparison 
(»f these* fungi made independently revealed their ‘‘very clo.se rt*seml)lance 
in pun^ cultures” (Shear, 18) and the fact that they were sei>arable when 
grown under parallel conditions (Jenkins, 7. 11). In (‘ross inoculation ex- 
j)eriments neither species aflrect(*d the host of the other (11). 

\V(* arc here transferring (Uof ttsporiuw mentor to the genus Splnictlounf 
as N. H(cntor (^Ell. tS: Ev.) n. comb. The name (f. renetnw as used by Amer¬ 
ican authoi’s. id’ course, refers to G. nnetnw Speg.; the true (r. rootum 
Speg. on Rnhus from Italy is entirely ina])])lical)le. The new combination 
naturally has no (’(feet on the name ordinarily aj>i)lied to this organism, /.r., 
its pcj’fect stage name Elsinoi' n m tn (Burkli.) Jenkijis -Syn. FleetodiseeUa 
eemtn Burkh. (8, p. 696). 

In till’ absence of a specified type specime}) of this fungus we suggest 
that Earle’s s])('ciinen on black raspberry {Fuhus oeei(l( nfalis L.) be so 
designated, Wc have ileposited the fragment received from Dr. Seaver in 
the Mycological Collections of the Bureau of INaut Industry and have inili- 
cated that it is “j)art of the type.” The i)acket containing the specimen 
ill till’ Ellis Collection is actually made of Professor Earle’s letter trans¬ 
mitting the specimen to Ellis. The text of the letter written from Cobdeii, 
111., on June 17, 1917, reads: 

“T enclose you a few young stems of black ca]i ras])berries showdng as F 
think the first stages of the .so-called “cane rust.” On a very liasty exami¬ 
nation T find great numbers of minute simple spores. What is it? I have 
not been able to find any distinctive fungus in coiiiieetion wdth these spots 
before.” 
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Two (lays later Earle wrote Ellis again transmitting a specimen of the 
finigus on ‘'Reliance’’ red raspberry {Bubiis idacns). The Wheeler speci¬ 
men in the Ellis Collection bears the following label: ^^Phyllosticta nccator, 
Evanston, HU, leg. Charles Wheeler, Ang. 1881. Com. E. Williams, Mont¬ 
clair, N. J.” These two specimens could be designated as paratype. We 
have no kiunvledge of what became of the cited specimen obtained by (lallo- 
way in Missouri. It is not available either in our Mycological Collections 
or in the Earlow Herbarium and as stated above has not been found in tlie 
New York Botanical Carden. 

Bureau op Plant Industry, Soils and 

Agriculttuial Engineering, Beltsvillk, Md. 
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THE EFFECT OF LIGHT AND TEMPERATURE ON CONIDIUM 
PRODUCTION BY HELMINTHOSPORIIIM ORAMINEUM 
IN CULTURE 


Byron R. H o u k t o n i and John W. O s w a l d ^ 

(Accepted for publication September 23, 1946) 

INTRODUCTION 

This paper presents the results of a series of trials testing: the effect of 
lig:ht aiid temperature upon conidiophore and eonidium production on ag:ar 
media by the funi^^us Hrlminthosporium (jramineutn Kab. the causal agrent 
of the barley stripe disease. As far as the writers are aware the only report 
of eonidium production on ag:ar media was that of Paxton (8) who reported 
eonidium production on ('orn-meal agrar from sing^le-aseospore cultures of 
what he considered to be the aseigrerous stHg:e on barley straw. Negative 
reports on attempts to induce sporulation by this funp:us in culture have 
been griven by Dickson (3), Isenbeck (6), Ravn (9). Vogrt (11) and others. 
Johnson (7) reported on the effects of temperature, lijrht, moisture, aera¬ 
tion, hy(lrog:en-ion concentration, various types of media, plant tissue ex¬ 
tracts, yeast extracts, variations in nutrients, and a number of other factoi’s 
upon sporulation, all his nuinerons trials grivingr negrative results. 

SI'ORULATION ON ARTIFICIAL MKDIA 

Many investigrators liave rejmrted tliat this fung:us failed to sporulate on 
artificial media under a variety of environmental and nutritional conditions. 
The success obtained by Snyder and Hansen (10) in inducing: sporulation in 
Fusarium sjiecies by exposing: cultures to diurnal variation in ligrht sug:- 
g*ested the use of such a method with the fungrus under consideration. The 
influence of li^ht upon g:rowth and sporulation of cei’tain fung:i has been 
reported by Coons (2) and Harter (5) who reviewed the early literature on 
the subject. 

In April, 1946, twejity singrle-spore isolations were made on potato-dex¬ 
trose ag^ar fi*om diseased leaves from each of six lots of barley plants, each 
lot having: bi‘en inoculated" during: blossom in 1945 by spores from a dif¬ 
ferent source of Hrlminthosporiinn (jramiheum. Ten of each of the six lots 
of 20 isolates grrowing: in test tube slant cultures on potato-dextrose ag:ar were 
placed in laboratory ligrht and temiierature and the other 10 of each lot were 
placed outdoors exposed to diurnal changres in environment with the maxi¬ 
mum possible ligrht without being: in direct sunligrht. Growth was obtained 
from 57 of the 60 tubes held indoors and 55 of those held outdoors. After 
approximately one month all tubes were examined microscopically. No 

1 Ansistant Prof(\s«or of Plant Pathology and .Assistant Plant Pathologist in the Ex¬ 
periment Station, University of (California, Davis. 

2 These inoculations wt're made by Mr. C. A. Simeson, Agronomist. Division of Cereal 
Crops and Diseases, Bureau of Plant Industry', U. 8. Department of Agriculture, Davis, 
California. 


1049 



1050 


Phytopathology 


IVoL. 36 


J (ionidia or eoiiidiophores were found in any of the 57 eultures held in tlie 
laboratory, while 47 out of 55 of those held outdoors had normal conidia and 
eonidiophores. There was, however, eonsiderable variation between isolates 
with regard to the number of spores prodii(*ed. Many of the conidia had 
{rermiiiated to produce secondary conidia and mycelium, which hidicated 
that the primary spores had been produced early in the experiment. Ten 


li*- *. 
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Comdium prodiitUoii by J/HminUuDijioriiim riramhu um Rub. in outdoor cn- 
ororliiri'fl ii" "’f* ■*“' disoaaod iKirloy leaves. (A) Cloiiidia and eonidiopliores 

potato-dextrose agar eontaiiiing sterile di.s<-aHed leaf ]uee<-s (x 60). (B) 

• not-.trdextn«e^»iT^‘•omdinm production (vj(i). (0) ronidiu produced' on 

255^ tKt (U) Conidioplioros produced on jiotato-dextrose agar (> 

torniation of secondary conidia on potato dextrose agar 
(X255). (F; Oomdia from naturdly infectcl barley leave.s (x,2.'i.'5). 

sinffle-spore isolatjojis were iiiade from an individual eolony of each of the 
SIX lots of smgle-spore colonies, and conidia develo))(‘(l readily in all 60 of 
J these under the outdoor environment within a w(«ek’s time. 

When those srown indoors were six wetdts ohl the heavy aerial myeelial 
growth was scraped away from the surface of the agar etilttire.s. A small 
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piece of the agar, 5 to 8 mm. across, containing imbedded mycelium was then 
transferred from each single-spore culture to potato-dextrose agar in Petri 
dishes and these were placed in the outdoor environment. The di.shes were 
sealed against dust with masking tape, a method of sealing used in all sub¬ 
sequent tests. After three day.s, examination .showed that 48 of the 57 pieces 
of inoculum were producing conidia. At the end of seven days all 57 trans¬ 
fers were producing abundant conidia and conidiophores of a type typical 
of this species (Fig. 1; B, C, D, B.). 

Three isolates originally obtained by single-spore isolation from stripe 
diseased barley in 1944, carried by mass transfers during the two intervening 
years, and known to be pathogenic when tested by the method described by 
Arny and Shands (1), were transferred and placed in the outdoor environ¬ 
ment. To test their relative value for conidium production, ditferent media 
were used, namely, potato-dextrose agar, corn-meal agar, water agar, potato- 
dextrose agar and water agar to which were added several di.seased leaf 
pieces pri(»r to autoclaving, and potato-dextrose agar and water agar plus 
water cxtra<‘ts from di.seased leaves. 

Tj*alisters of each i.solate were made to test-tube .slants of the.se media 
and allowed to grow outdoors for approximately three weeks before they 
were examiu(*d for conidia. Couidiojihores and conidia were found to have 
develojied in large numbers on those media with the highest nutritional 
value, namely, normal potato-dextrose agar and on this agar to which leaf 
pieces or leaf extracts had been added. On the le.ss nutritive media to which 
leaf pieces wen' atlded the colonies developed conidia only when they grew in 
contact with or near siudi leaf pieces. '^The best spondation was obtained on 
potato-dextrose agar to which was addtnl the diseased-leaf pieces (Pig. 1. A). 
Fifty siiigle-spore isolations were made on potato-dextrose agar from one 
isolate and all appeared to be .similar in growth type and pigmentation. 
Sporulation was obtained on all of these after 1 to 2 weeks outdoors. It was 
noted that occasional braiu'hed conidiojihores developed on the aerial my¬ 
celium of these cultures. Since little advantage was obtained from using 
otlier media. ])ota1o-ilextrose agar was used in all subsetpient trials. 

THE IXFLUENl’E OF LltUIT AND TEMFKRATUKE UPON STORT^LATION 

The effect of variations in light and temperature on several isolates 
known to sporulate well umler outdoor environment was studied in May and 
June at Davis, California.'’ During this period the length of daylight was 
14 to 15 hours and the average maximum and minimum outdoor tem])era- 
tures were 26.8"" and 8.2"" C., respectively. The average maximum and mini¬ 
mum indoor temperatures were 25.7^ and 18.0^ C., resj)ectively. Duplicate 
mass traiisfers of several nons])orulating cultures of these isolates were made 
to potato-dextro.se agar in Petri dishes. A parallel series was carried out 
with pieces of nonsterilized, dried, diseased leaves placed on potato-dextrose 

Similar, indcpcmlcntly conducted, unpublished studios on other fungi have recently 
Imh'ii mode by H. N. Hansen and W. C, Snyder, University of ('alifornia, Berkeley. 
California. 
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a"ar in Petri dishes. Couidiophore and eonidium production were re¬ 
corded separately, because under certain conditions conidiophores were pro¬ 
duced but few conidia developed. The results of the trial with diseased 
leaves were recorded under two headin^rs ac(*ording: to Avhether sporulation 
occurred on the diseased leaf tissue or on the new niycelium which from 
the leaf pieces into the agar. These results are in table 1. 

TABLE 1.— Environmental factors governing sporulation of Helminihosporium 
gramineum 


Lt*;if picH'C's from diseased barley on 
Nonsponilating cul- potato-dextrose agar 

lures transferred to - 

])Otato-dextrost* agar Directly on diseased On new mycelium 
Environment leaves from leaves 


Conidio- 
phorc pro¬ 
duction** 


ronidJum 

production** 


Conidio 
pliore ])ro 
<1 net ion 


(’onidiiim 

production 


Conidio- 
pliore pro¬ 
duction 


Conidium 

production 


Outdoors« ... -H-K -ft- * -f 

Outdoors, darkened 0 0 

Outdoors, daytime; 

Dark, 2.')'^ C., niglit t 

Outdoors, daytime; 

Dark, 12^0., night -H-H* 

Dark, 250 |2 hr.; 

Dark, 12" 0., 12 hr. 0 0 

Inside light and 

tempera turt! 0 () 

Artificial light, 13° r. . |-fo ^ 

Artificial light, 13" 0., 

1.') hr.; Dark, 13" C., 

I* hr. 

Dark, 8" C. 0 0 

Do, 13" C. 0 

Do, 18" C. 0 0 

Do, 25° 0. 0 0 

Do, .30° C. 0 0 

Do, 35° 0. .... 0 0 


-t-i-t t 

i 

-1-1-14 


-H-hh 

-H-i f 

0 

U 

t I 1'}‘‘ 

A- 

-|4H4f 

4 

-!4f }■ 

-H4+ 

4-}’4f 

44^4 

l-t-' ! 


0 

0 


-f 

C 

0 


-fH+ 

tH 

4 t 


l-f» 

■t ■}-r4 


! 

-f f-H 

444-4 

0 

u 

n4-L 

4 f-T-r 

0 

u 

♦ 4 4-+ 

i J-+f 

0 

0 

-|4 ^+f 

4 

0 

0 

44H«- 

0 

0 

0 

0 

[) 

0 

0 


If. in light and teraiH-rnliue at Davis. California, during 

May, 1046, but not in direct sunliglit. * 

Kumber of pluses indicates relative amoniit of conidioj.liore .and conidium t)roduction. 
Extremely long conidiophores, very few bearing conidia. 


On the cultures held oiitdours, sporulation was abuudant within 48 hours 
ou agar, within 24 Hours ou leaf itieees, and within 48 hours on the new niv- 
ceiium from the leaf pieces to witliiu 5 or 6 mm. of the advancing margin. 
In the parallel senes of cultures placed outdoors but darkened bv black 
paper wrapping, conidiophores and conidia were not produced on the agar 
transfers nor on the mycelial growth from the leaves, but normal and abun¬ 
dant sporulation occurred direc-tly from the mycelium in the leaf pieces 
All of the eultnves including the leaf pieces placed outdoors in dav tem¬ 
peratures and light and transferred at night to a dark inenbator at 25° C. 
prodneea an abundance of conidiophores I J to 2 times their normal length, 
bnt only 5 to 10 per cent bore conidia. /However, a similar series placed 
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at night in a dark incubator at 12® C. produced normal and abundant 
conidiophores and conidia identical with those left outdoors at night. 

A series held in ijicubators in complete darkness at 25° C. for 12 hours 
and then changed to 12° C. for the remaining 12 hours each day failed to 
produce conidiophores and conidia on the agar transfers or on the mycelium 
growing from the leaf pieces; however, normal sporulation occurred directly 
on the leaves. These results were identical with those in the series held 
outdoors for 24 hours each day but continuously in the dark. Iji a series 
held under laboratory light and temperatures the only sporulation obtained 
was directly upon the leaf pieces. Here again, as with those placed outdoors 
during the day and at 25° C. at niglit, the conidiophores were excessively 
long and few bore (*o]ndia. These long conidiophores with few" conidia w"ere 
probably tlie result of the higher night temperatures iji the laboratory. In 
continuous artificial light at a constant temperature of ]3° C. a moderate 
iHiinber ol* ('onidiophores devclojied on the agar cultures and mycelium from 
the leaves, but they were slightly longer than normal and only 10 to 15 per 
cent of them bore conidia. Abundant sporulation occurred directly on the 
diseased leaf pieces. A similar result, but with conidiophores more nearly 
]iormal in length, was obtained with the series at 13° C. wdth 15 hours of 
artificial light and 9 hours of darkness each day. 

The remainder of the data pre.sented in table 1 comprises trials in com¬ 
plete darkness at six constant tem])eratures ranging from 8° to 35° C. No 
conidiophores developed at any of the temperatures on the agar cultures or 
on the mycelial growth from the diseased leaf pieces. Abundant conidio- 
phore and conidium develoj)ment occurred on tin* leaves at 8°, 13°, and 18° 
V. The (‘onidiopho!-es were very short at 8°, appearing to be even shorter 
than the conidia. C’onidiophores became progressively longer and conidia 
progressively shorter as the temperature increased. Secondary conidia de¬ 
veloped abundantly at 13° and 18° C. At 25° C. conidiophore production 
was as abundant as that at the lower temt)eratures but the conidiophores 
ranged up to oucm' again as long as tho.se produced at 18° C. and only 10 to 
15 ])er cent terminated in conidia. At 25° and 30° C. mycelial growdh from 
the leaves w'as very j)rofuse. No conidia developed at 30° C., but conidio¬ 
phores were abundant and w"ere 3 to 4 times the length of those produced at 
18° (\ At 35° C. there was no mycelial grow th from the leaves. Abnormal, 
light-colored, narrow’ hyphae stmiewhat resembling conidiophores grew’ from 
the leaf but no conidia w’ere produced. 

Measurements w’ere made of 50 conidia produced by a culture on agar 
medium and of conidia produced at 18° C. on diseased leaves. An attempt 
w’as made to measure only primary conidia by making the spore mounts at 
a time during conidium production when the primary conidia were mature 
and readily separated from the conidiophores and when only a few scattered 
secondary conidia had developed. Those from the culture had an average 
sej)ta number of 4.2 and average size of 70.1 by 16.4 p w ith a range in length 
from 48.6 to 97.6 p. Conidia from the leaves averaged 4.4 septa and 79.3 
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by 14.9 with a ran^e in length from 62.4 to 96.8 p (Fig. 1, F). Thus, the 
two lots were very similar and eompared favorably with measurements given 
by Dreehsler (4) for this fungus. 

As noted above, differenees in length were observed in eonidia produeed 
from diseased leaves at different temperatures. The longer spores were pro¬ 
dueed at the lowest temj)erature. One-hundred eonidia eaeh were measured 
from lots ])r()dueed at S'" and 18° C., respeetively. Those produeed at 8° C. 
had an average number of septa of 5.7 and measured 108.2 by 18.6 p with 
a range in length from 82.6 to 129.0 p. Those i>r()diieecl at 18° C. were con¬ 
siderably smaller wuth an average number of septa of 4.4 and dimension of 
79.3 by 14.9 p with a range in length from 62.4 to 96.8 p. 

DISCUSSION 

With the cultures used the results indicate that exi)osure to light, pref¬ 
erably daylight, is necessary for conidiophore and conidium development 
on agar. This was true regardless of type of nutrient within the range of 
those tested and found favorable for good vegetative growth. The agar 
cultures behaved identically with the mycelium produeed from diseased 
leaves yet the mycelium within the disea.sed leaves was capable of producing 
(fonidiophores and eonidia in the dark within a few hours. This indicated 
that the mycelium within the leaf as a ri^sult of the aedion of diurnal <*hanges 
of outdoor environment during its develo])ment. had stored within it the 
necessaiw potentialities, whether eheini(*a!, nutritional, or otherwise, for 
conidium production. Tlu^se ])oteutialities were not transmitted to the my¬ 
celium growing from these leaf pieces into the agar.*^ There was evidence 
indicating that a moderately Ingh temjieratiire during the period of light 
and a lower temy)eratiire d -ring the ])eriod of darkness were conducive to 
best s])ornlation. I iider these conditions spondation on agar cultures was 
obtained within 48 hours. There was some evidence to indicate that an ex¬ 
tended ])eriod of liglit as well as the higln’i* temperatures employed resulted 
in excessively long couidiophores. 

The ability to induce this fungus to sf>ornla1e in culture will make it 
possible to maintain single-s])ore isolates in a study of physiologic sjiecializa- 
tion, and to have a supply of eonidia at all times for use ii\ ijioculation. It 
also makes it jiossible to f)ositively and rai)idly identify the organism 
wJien isolated in culture. 

SUMMARY 

Abundant, noimal s[>ornlatioii was obtained within 48 liours on agar 
('lUtnres of the funRiis Hehninlhoaporium uramiiirtim Kab.. the causal a^eut 
of the barley stripe disease, when held outdoors to expose them to diurnal 
ehaupes of environment. Conidium production nuder these conditions was 
obtained on siiifrle-conidium isolations, on mass mveelial transfers and on 

mycelial s?rowth which developed from pieces of diseased leaves placed on 
agar. 

A number of media were employed to test their relative value for sporu- 
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lation, but there was little evideuce to indicate that any were superior to 
ordinary potato-dextrose aj^ar. Various li^dit and tenii)erature combina¬ 
tions were ein])loyed in an attempt to determine the effect of each upon 
sporulatioii. 

In the absence of lij 2 :ht no siiorulation was obtained on agar slant cultures 
or on mycelium growing from diseased leaves, either outdoors or indoors. 
Ill the presence of light but under continuous high indoor temperatures, 
again, no sporulatioii was obtained. 

Light, ])referably outdoor daylight, w’as necessary for the induction of 
sporulatioii. A few spores were produced under artificial light. 

Relatively high temperatures throughout the growing period as well as 
extended periods of light resulted in excessively long conidiophores few of 
which produced conidia. This was true of agar cultures and of pieces of 
diseased leaves. A temperature drop during one-half of each 24-hour period 
gave best results. Wlien disea.sed leaf pieces were placed on potato-dex¬ 
trose agar and incubated in the dark at various temperatures from 8® to 
35° C. to obtain sporulatioii it w^as found that conidiophore length increased 
and coni<lium length decreased as the temperatures increased. 

Division of Plant Patiiolckiv, 

T^niversity of California, 

Davis, California. 
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PHYTOPATHOLOGICAL NOTES 


Thv Use of Wcfthig and jidhcsicc Afjrnts io Increase the Effectiveness of 
Conidial Stis^^ensions for Plant Inoculations.^ —In the eourse of studies on 
the rice *‘blastdisease, eorisiderable difficulty was eneountered in establish¬ 
ing infection and in securing a uniforiu distribution ot leaf lesions on rice 
plants inoculated with aqueous suspensions of the conidia o1 the causal 
organism, Piricularia oryzae Chw. This was because of the high surface 
tension of the droplets on the waxy surfaces of the rice leaves. When the 
rice plants were subjected to continued wetness in the humidity tent, free 
moisture formed on the leaves in large droplets which, as they rolled off, 
removed conidia which had not yet had suffichuit time to germinate and 
infect the plant. As a result, the leaf infections were few and generally 
aggregated either at the tips or at the hastvs of the leaves. In ortler to in¬ 
crease the effectiveness of atomizing conidial sus])ensi()ns onto the j)lants, a 
series of ex|)eriments was conducted using wetting and adhesive agents, 
singly and in combination. The criteria used for selecting these* agents were 
the effective reduction of surface tension, the adhesion of the solution to the 
plant, the non-toxicity of the agent to the conidia, and finally, the relative 
amount of infection resulting from the use of conidial suspensions (*ontaining 
the agent. 

The following wetting and adhesive agents were testetl by at(unizing I per 
cent solutions on rice leaves: soft soap, Gastile soap |>owder, sa])onin, sodium 
oleato, gum arabi<*, Micro-bentonite, Fuller's earth, calcium caseinate, gela¬ 
tin, and Casco glue. In addition, single droplets of known volume were 
placed on rice leaves and th^ areas covered by the droplets were compared. 
By this method soft soap, Castile soap powder, and sodium oleate were 
selected as possible wetting agents; ami calcium caseinate, ('as«M) glue, and 
gelatin were selected for })ossible use as adhesive ag(*nts. The lowe.st effective 
concentration was then <letermined for each of the selected solutions and 
these, in turn, tested singly and in combination for relative toxi<*ity to Piricn- 
laria oryzae by germinating the conidia in tlie resi)ective solutions and study¬ 
ing their reactions. At the same time their relative effectiv(‘n(‘ss cm jilants 
was determined by taking cMpial volumes of sus])ejisioiis (‘ontaining an ecjual 
number of coni<lia and atomizing them onto plants. After the imxMilated 
plants were dry they were subjected to 24 hours of continued w^etness in a 
humidity tent to insure the establishment of infection. Further experiments 
w^re made using those agents selected from these tests. The results from the 
germination studies aud the last tAvo plant inoculation trials arc given in 
table 1. 


It was possible to increase the number of leaf infections per plant many 
times over that effected by conidia in a w^ater suspension, and, at the same 
time, to obtain a more uniform distribution of leaf infections over the entire 


May'iol? r)^tv\vk, Fiedci-ic.k, Mniylniul, from Soptoinber, 
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TABLE 1 .—The effect of wetting and adhesive agents vpon the germination of Piri- 
ealarm oryzae conidia and the establishment of infection on rice plants^ 


Germi- 

Wetting and adhesive nation of 
agent conidia 

(per cent) 


Water (Control) 99 

0.1 per vent soft soap + 0.1 per 
cent gelatin 97 

0.1 per eent soft soaj> -f 0.25 per 

cent gelatin 96 

0,05 j»er cent Na oleate -f 0.1 pc*r 
eent gelatin 90 

0.05 j)cr cent Na oleate 4 0.25 per 
eent gelatin 9S 

0.05 per eent Na oleate + 0.25 pi'r 
eent Ta eawinate ... 90 


Trial A Trial B 


Av. No. Av. No. 


Total No. 
plants 

infec¬ 

tions 

per 

yilant 

Total No. 
X>lants 

infec¬ 

tions 

per 

plant 

45 

0.2 

38 

0.8 

33 

9.5 

38 

2.1 



38 

3.8 

44 

5.8 

38 

5.3 

37 

11.1 

38 

6.5 

42 

3.1 

38 

0.7 


» Aeadi.a riee in the 4-5 leaf stage was used. 


.surfaeo of the leaf. Heeause of this uniformity in lesion distribution, a con¬ 
siderably more aetnirate and reliable method of determining numbers of leaf 
lesions was achieved, and this was used as a scoring procedure in later 
studies.- A solution containing 0.()»^ i)er cent sodium oleate and 0.25 per cent 
gelatin was the most effective spreader-sticker combination. All of those 
shown in table 1, however, were superior to the water control. Stock solu¬ 
tions of sodium oleate and gelatin were kept in cold storage so that conidial 
suspensions could be readily made when necessary. It is believed that these 
<‘ombiiiations of wetting and adhesive agents may prove useful for the appli¬ 
cation of conidial suspensions to leaf surfaces similar to tho.se of riee.— Axel 
L. Andeksen and B. W. Henky, 


,Sysh‘miv Infiviiun of Doivnif Mildew in Soybean and Alfalfa.^ —In the 
soybean nursery at Madison, Wisconsin, in 1945 downy mildew {Perono- 
.spora manchurica (Naoum.) Syd.) developed about the middle of June and 
spread to the entire nursery before the end of the summer. In the more 
siis(reptible varieties pods at many of the nodes bore seed encrusted with 
oospores of the fungus as de.scribed by Johnson and Lefebvre.'* Prom such 
.seed planted in the greenhouse infected seedlings have at times been ob¬ 
tained with lesions apparently connected by mycelium in a systemic infec¬ 
tion. Young plants with such systemic infection have been collected in the 
field by Dr. W. B. Allington and other.s, and in the collection by Allington 
characteristic mycelium of the fungus has been found in all parts of the 
plants through the hypocotyl and first trifoliate leaf. 

•i Andersen, A. L., B. W. Henry, and E. C. Tullis. Factors affecting infoetivity, 
spread, and ]n‘rsistenee of Pirirnlaria oryzae Gav. Phytopiith. In press. 

4 A coojierative investigation of the U. S. Departineiit of Agriculture, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Kesearch Administration, and 
the Wisconsin Agricultural E.xperinieiit Station. 

2 Johnson, H. W., and C. L. Lefebvre. Downy mildew on soybean seeds. 'P. S. 
Dept. Agr., PI. Dis. Bptr. 26: 49-50. 1942. 
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Pi(3. 1. Types of downy mildew lesions on soybeans. A. Noninfeeted leaflet; 11. 
Leaflet of a vanety liavinjj uniformly small lesions.;‘C. Leaflet of a variety havinjj lar^rc 
and oft(‘n eoaleseent lesions. 


Vtirietios of soybeans tliffemi in the kind tind the fd)njulan('(‘ of losions 
that developed in the field during the sninni(‘r; and th(‘ same differeiU'e Avas 
found when these varieties were inoculated in -the <ii'(‘enhouse early in the 
following* sprinjr. In some varieties visible lesions \ver<‘ absent or rare in the 

TABLE 1.— Cl(t.s.sificati(tn of soi/bcnn vurirlirs^ hasrd upon nr finmlxr of tlowtii/ 
'mildew Irsiojis^ and the percentai/< of encrustt\l st ed product d in a nurscru ??? 1045 at 
Madison^ Wisconsin 


Variety 

tMiaiaeter 

- . . 

of Jesion 

Bieiilaiul 

1 jU rge 

Tlliiii 

d(» 

Earlvfina 

Small 

Jlaharo . , 

do 

Ottavva Mandarii) 

;Io 

Mandarin No. 7 

do 

Dinifield 

• ■ Bare or 

absent 

Man elm 3 

do 

Mane.hu OOO 

do 

M a neh ukota, 

do 

Ontario . . 

do 

liineoln 

Large or 
smalh' 

Mingo 

do*' 


"hiernsted 

.‘<iM>d‘ 

Variety*' 

(Miaraet.er 

of lesion 

Per (U nl 




(bildsov 

Larg(* 

1 S.S 


Flani}»eau 

Small 

{).n 

K a holt 

do 

o.:i 

Pridesr»v 

do 

n.s 

1.0 

M()ntr(*a] 

Manehu 

Bar(‘ or 
absent 


l.S 

0..T 

().:i 

o.;{ 

7.0 

;l8 


a Based upon 400 seeds drawn from eaoli of 4 rei)lif**itf.« in ' 

-The five yariotifts listyl wore tested h. ZyeJnho,«e only 
with small lesions. ' ^ hind with large lesions, the other 
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field, and none were found hi the greenhouse; in otliers, lesions on all plants 
w’ere larj^e (Fi^. 1, C) or small (Pig. 1, B) or the variety was a mixture of 
plants having large or small lesions (Table 1). Varieties and selections 
having large lesions had outstandingly large percentages of spore-encrusted 
S(^ed, reaching 41 per cent in one selection. On the other hand varieties in 
which lesions were rarely found still had occasional spore-encrusted seed. 
Whether these were borne on plants with rare or no visible lesions or came 
from seed mixtures remains to be determined. 

Mildew infection apparently had no effect on seed yield in this nursery. 
A nonsignificant correlation coefficient of -0.17 (N === 67) between percentage 
of .seeds encrusted wdth mildew and yield of seed in bushels per acre was ob¬ 
tained from a yield nursery of segregates of (Lincoln x Richland) Lincoln. 

A nursery of transplanted alfalfa was also infested with mildew (Pfrono- 
sfiora trifoliorum DBy.) in 1945. The nursery contained clones of un¬ 
selected plants from several varieties and strains, and also closely spaced 
single jdants obtained from selfing selected jdants whose susceptibility to 
mildew was known. (^lones and plants differed as in soybeans. Many were 
Jiot inf<‘cted ai all. Infected plants u.sually had only infected leaves. A 
few had systemic' inf(‘ction to some degree, .sometimes only in axillary shoots 
in late fall, but more often in late fall in crown .slioots which were pale in 
(‘olor, but which survived tlie winter, and on \vhich conidia were found April 
L‘l, 1946. These conidia are assumed to be the .source of heavy infestation 
ill this nursery in the following May. 

The ]>m*centage of infe(*t('d jdants in varieties ranged from 12 per cent in 
llardistan and Ladak to 60 pei’ cent in ITardigan. Among the pojiulations 
obtained by selfing susj'cptible plants, one of 90 plants developed in late 
autumn systemic infetdion in one or more crown shoots of each individual. 
The ])arent was infe«*1etl in the same manner. Parents susceptible to leaf 
infection gave po))ulations in which over half the plants were similarly in¬ 
fected, witli a small percentage of plants in w’hich sy.stemic infection 
(K'curred also. Both .systemic and b‘af infection has been obtained from in¬ 
oculation in the greenhouse; a thorough comparison of the reaction of ]>lants 
ill the greenhou.se with that in the field has not been made. However, it 
appears at iiresent that systemic infection in .shoots is an important agency 
in the overwintering of this fungus, and that but a part of the plants that 
may have leaf infection are capable of this .systemic invasion.— Fred R. 
Jones, Senior Pathologist, V. S. Department of Agriculture, and J. H. 
Torrie, A.ssociate Profes.sor of Agronomy, Wisconsin Agricultural Experi¬ 
ment Station. 
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Strcpt()inyc(*H fjnHcus, 412 
Vonturia ianuqualis, 405 
Phytolacca (Iccandra, 650 
Phytomoiias ai)tata, Heed traiiainission of, 
549 

asplenii n. sp., 758, 892 
cattleyae, 695 
jujylaiidis, 717 

macnlifolium-gardeniae n. sp., 865 
lumcfaciciis, 400 

T^livtophtliora capsiei, oii tomato, 329 
citroplithora, effect of dipheiivl vapor on. 
S8S 

infestaiiH, 322, 407 (See also Late blight j 
on tomato, 3S9 

I’im*, hurii-lilight and spittle insect injury, 
399 

Piricularia oryzeao, 1056 
Pisnin sativum, 649, 781 (See also Pea) 
Plant a go lanceolata, 650 
major, (550 
rngelii, 650 

Plastids, seasonal changes of, in llosta, 172 
Platymoideus acutus, 771 
Plectospira myriandra, 845 
J*leos[»ora lycopersici, effect of diphenyl 
va])or on, 888 

Poa luateiisis (See Hluegrass) 

J’olar»isia trachysperma, 647 
T‘olla<;k, F. 0.’ (988) 

I’olyaiiiia ini miens, 514 
Polygonum liydro|»iper, 654 
POMEKLKM', iiENK, 408 
Poj)l.*ir, canker <»f, 148 
Populus (Se<* Poplar) 

Poria punctata, 408 
J*<>kTK, W. S., (685) 

PoKTKR, K. 11., 168 
T*ortulaca oleracea, 650 
Potato, control of nematodes with D—D, 
684 

earl\ blight control with zim* ethylene 
bisdithiocarhamate, 685 
Prwinia earotovora in tubers. 237 
golden nematode of, 686, 68S 
green dwarf, 671 

hair spront in relation to ])syllid.s, 899 

internal necrosis of tubers, 4SO 

late Mi«rlit, diss<*iuiiiatioii of, 423 

fungicides for, 407 

net necrosis, 686, 1016 

nutrition in relation to leaf roll, 409 

resLstance to earlv blight, 1011 

scab, 388, 411 

and ealcium-pofassiuni ratio, .399 
in relation to soil pTI, 682 
SckM'otinm rot of seed pieces, 239 
sprays and dusts, 407 
steiu-eud browning, 925, 1016 
Potent ilia arguta, 654 
mons]udiensis, 654 
Poi’NI), (iT.ENN S., 408, 1035 
I'owKiiii, Dwight, 572 
Prat vJenchns, 684 
iMemnnity, 627, 892 
J^KKSLKY. JOIIN T., 565 


Price, W. 157 
l^riinula malacoides, 650 
obconica, 650 
Proboscidea louisiana, 649 
Prunella vulgaris, 649 

PrunuH armcniaca, Armillaria root rot of, 
302 

jjcrsica, Armillaria root rot of, 302 
8i)p., hosts for cherry tatter-leaf virus, 74 
hosts for peach-blotch virus, 275 
Pryor, Dean E., 170, 264 
Pseudomonas lachrymans, causing spot of 
honcydew melon, 943 
rnedicagiuis var. phaseolicola, overwinter¬ 
ing of, 677 
syringac, 677 

Psyllids, causing internal necrosis of po¬ 
tato tubers, 480 

ill relation to hair sprout of potato, 899 
Piiccinia (See also Kust) 
coronata, 226, 404, 418 
glumarum, 410 
graniinis, 400 
a venae, 226, 400 
tritici, 381, 400, 557 
Tubigo-vera, 410 
sorghi, 395 

Pullularia, effect of ultraviolet radiation on 
spores of, 102 

Puratized (See Fungicides) < 

Pyrax ABB, 505 
Pyrethrum, 407 
Pytliium. 403 
anandrum, 839 
arrhenomaiies, 410 

effect of crop rotation on, 410 
control of danqiing-off caused by, 679 
debaryanuin, 169 

effect of diphenyl vapor on, 888 
effoct of crop rotation on, 410 
devolopmenl and morjdiologv of species 
of, 781 

graminicola, 169 
oligandnim, develoyiment of, 781 
on sugar beet, 394 
yieriplocum, development of, 803 
salpingophorum, development of, 805 
nltiinum, seed treatment of peas against, 
93 

iindulatnm, 846 
vexaiis, 819 

Qi^wmek, it. ]\r., 892 

(.^uerciis spp., hosts for Chalara quercina, 
397 

o-Qninone dioxime (Sec Fungicides) 

Radish, infeclioii bv Actinoiiivces scabies, 
388 

Rvmsey, Glen B., 245, (887) 

Rainullspora sorghi comb, nov., causing 
sootv stripe of sorghum, 198 
Rand.'F. V., (1) 

Rands, R. D., 688 
Ranunculus asiaticus, 654 
Raphanus raphauistrum, 648 
sathms, 648 

Raspberry, mild streak virus of, 402 
yellow rust of, 383 
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Ray, W. W’ 409 
Reeves, E. L., 409, (409) 

Reseda odorata, 654 
Resistance, of cabbuf^e to mosaic, 408 
celery to Cercoapora, 980 
corn to Helminthosporium, 412, 660 
cotton to bacterial blight, 409 
to wilt, 703 
grape to black rot, 910 
Ilevea to leaf blight, 686, 688 
Lima bean to mosaic, 170 
oats, 688 

to Helminthosporium, 407 
to rust, 226 

onion to Hip India rot, 248 
potato to early blight, 1011 
rice to Cercospora, 950 
tobacco to mosaic, 412, 685 

to root knot and nematode root rot, 
684 

tomato to fruit rot, 338 
types of, in plants, 624 
R^syiiration, as affected by fungicides, 080 
Rhizoctonia, on lupine, 479 
on sugar be(‘t, 394 

solani, effect of diphenyl vapor on, 888 
effect of temperature tm palhogenicity, 
638 

seed treatment of pea against, 93 
on soybean, 411 

Rhizopus, effect of diphenyl vapor on. 888 
effect of ultraviolet radiation on spores 
of, 102 

nigricans, control of on corn seed, 93, 
162 

on cotton seed, 29 
Rice, 395 

reaction to Cercospora oryzae, 950 
Richards, B. L., 409, (409) 

Richards, (\ Audrky, (399^ 

Richards, M. C., 409, 681 
Ricinus communis, 653 (See also (’astor 
bean) 

Rikpui, a. J., (399), (401), (504), 953 
Rohertr, E. a,, (681) 

Roberts, John W., 175 

Rodrioitez V., Jose, 410 

Root diseases, technique for study of, 667 

Root knot, of tobacco, 684 

Root rot, of asparagus, 399 

of cereals and grasses, effect of crop ro¬ 
tation on, 410 
of milo, 410 
of tolmcco, 400 
of v/heat, 252 

Rosa, ArmiJlaria root rot of, 302 
odorata, 654 

Rose, failure of bud and graft unions 
caused by Chain ropsis thielavioides, 281 
Ross, A. Frank, 925 
Rot, control of in oranges, 750 
of deciduous trt*es, 408 
of muscadine grapes, 905 
of orchids, 695 
of sweet potato, control, 869 
of tomato fruit, 988 
pole-rot of tobacco, 679 
Rubber (See Hevea) 

Rubus, 1043 


Rudbeckia hirta, 648 
Rudolph, B. A., 717 
Rue, John L., (396) 

Ruga verrucosa (See Viruses; curly top) 
Rumex crispus, 654 
obtusifoliuH, 654 
Rupthit, Joseph A., (726) 

Rust, beau, control Avith sulfur, 689 
corn, 395 

crown, reactions of Festnea to, 404 
oats crown, dissemination of, 418 
reactions of oat hybrids to, 226 
oats stem, reactions of oat hybrids to, 
226 

pine blister, dissemination of, 422 
raspberry, 383 
stem, in Mexico, 400 
sunflower, 402 
teosint(% 395 

wheat leaf, dissemination of, 424 
in Mexico, 410 

wheat stem, and pliosphorus distribution, 
557 

in relation to yellow berry, 381 
wheat stripe, in Mexico, 410 
Ryall, a. li., (398) 

Ryan, Mary A., (57), (404), (876; 

Saiutpaulia ioiuiiitha, 648 
Salpiglossis sinunta, 652 
Salvia spp., hosts for tobacco viruses, 649 
Sanvitalia procumbens, 648 
Scab, on potato, influence of pH, 082 
Scabiosa atropurpuroa, 653 
caucasica, 653 
S(HTALU:i{, r. W.. (534) 

Schinus molle, Armillaria root rot of, 302 
SchizanthuH pinna tus, 652 
Sclerospora graniinicola, on corn, 410 
Sclerotiiiia caiiielliae, 380 

fructicola, effect of ultraviolet radiation 
on spores of, 102 

intermedia, effect of diphenyl \apor on, 
888 

minor, effect of diythenyl vapor on, 888 
sclerotiorum, causing j>ole-rot of tobacco. 
679 

effect of diphenyl vapor on, 888 
Sclcrotium rolfsii, effect of diyihenvl vapor 
on, 888 

rot of potato seed pieces, 239 
Secalo ceroale, 653 
Seed injury, by T^ygus bug, 493 

in relation to infection by Xanthoinonas 
transJucens var. ccrealia, 450 
Seed transmission of bacterial blight of 
sugar ])eet, 549 
of milo disease, 410 
Seed treatment, 406 
castor bean, 689 
cotton, 405 

effect on respiration, 670 
guayule, 999 
hemp, 937 

peas and sweet corn, 92 
soybean, 169, 401, 688 
sweet potato, 402 
vegetables, 727 

viability of stored seed, 403, 937 
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Scinesjin (See Fungicides) 

Seiiecio cinornria, 345 
Septoria citri, effect of diphenyl vapor on, 
888 

Ivcopersici, effect of diphenyl vapor on, 
888 

niiisiva, canker on hybrid poplars, 148 
Shallot, virus of, 292 
Shands, H. L., 534 
SiiAY, J. R., (403) 

Shear, C. L., (1043) 

HiiERWIN, Helen Sy (190), 688 
Sileiu* anglica, 647 
pcndnla, 647 
Sinuingia speciosa, 648 
Slagg, C. M., 410 
Smith, Floyd F., (292) 

Sleeth, n., 999 
Saiitii, M. a., 943 
Smith, Oliver F., 638 

Smut, barl<‘y loose, reaction of barley 
variet.i(‘N to, 531 
bliiegrass stri]>e, 50 

<‘ytolog3’ of, in culture, 404, 876 
bunt, «‘ffect on other diseases of wheat, 
400 

of wheat in M«‘xico, 410 
corn, method of inoculation, 411 
variation in, 398 
oats loose, r.aces of, 400, 433 
reaction of oat varieties to, 433 
of teosinte, 395 
wheat Hag, in Mexico, 479 
wheat loose, diHsemination of, 418 
yiehl rednetion by, 1040 
Snapdragon, 687 

Snyder, Wh.ijvm C„ 481, 484, (493), 897 
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eides) 
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transmission of big vein of lettuce, 264 
SolaniiTu mclongeiia var. esculentum, in¬ 
fected by Phytomonas a])tnta, 552 
spp., hosts for tobacco viruses, 652 
tuberosum, (See Potato) 

Solidago ru^osa, 648 
Sorghum, 979 
halepense, J92 
sooty stripe of, 190 
vulgare, 192 

Sorosporinm, on teosinte. 395 
SOTITHWK’K, M. T)., (681) 

Soybean, blown stem rot^ 394 
j)ud blight caused by virus, 319 
control of baclerlal pustule by dusts, 405 
downy mildew, 1057 
induced baldhcad of, 168 
relation of stomatal behavior to iiifec- 
. tion by Xaiithomonas phaseoli var. 

sojeuso, 385 
Rhi’/oetonia solani, 411 
seed trc*atmout, 401, 688 
Spergon (Sec Fungicides) 

Sphaceloma necator comb, nov., 1047 


Spinach, 680 

seed treatment, 729 

Spinacia oleracea, 647 (Sec also Spinach) 

Sprague, Roderick, 410 

Stakman, E. C., (400), 411, (479) 

Stanton, T. R., (400), (433), 688 

Steiner, G., 688 

Steinmetz, F. JT., 682 

Stellaria media, 647 

Stem-end browning, of potato, 925 
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Stevenson, K. C., 689 

Stevenson, Frank V., (411) 

Stevenson, FrbIderick J., (87) 

Stevenson, John A., 487 

Stoddard, E. M., 682 

Strawberry, virus of, 684 

Streptomyces griscus, nutrition of, 412 

Strong, M. C., 218 

Stu \rt; Neil W., (279), (687) 

Sudan grass (See also Grasses; Sudan) 
sooty stripe of, 200 
Sugar beet, 394 
Pythium on, 782 

curly-top virus concentration in, 38 
mass action as a factor in infection by 
cnrly-top virus, 53 

seed transmission of bacterial blight, 549 
Sulfur (See Fungicides) 

Sunflower, 979 
Sweet potato, 979 

grow’lh regulating effects of fungicides 
on, 686 

internal brown spot, 164 
internal cork, 18 
Pythium on, 781 
soil rot, control with sulfur, 869 
Symplocarpus foetidus, 653 
Syneephalastrum, effect of diphenyl vapor 
on, 888 

Systeiia taeniata, 514 

Tagetes sp])., hosts for tobacco viruses, 648 
Takahasiii, William E., (129) 

Tapke, V. F., 107, 689 
Tar:ixaeum kok-saghyz, 346 
officinale, 648 
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Technique, Aerosol treatments for tobacco 
1)1 ue mold control, 684 
aids for study of potato-late-blight epi¬ 
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artifleial induction of abscission of bean 
leaves, 504 

assay of stability of organic fungicide 
residues, 679 

determination of virus in meristems, 462 
diphenvl, for control of contaminants, 
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elect rophorotic studies of plant viruses, 
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for field evaluation of fungicides, 686 
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barley, 689 

loose smut of barley, 536 
loose smut of oats, 433 
Ustil.Tgo striaeformis of bluegrass, 65 
ITstilago zeae of Maydeae, 411 
wotting and adhesive agents, 1056 
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for study of root diseuses, 667 
radio-active elements in the study of 
pliysiolofjy of disease, 657 
seed and sec'dliug infection with Xaiitho- 
tnonas traiisluciuis var. cerealis, 446 
serolofjical method for distin^juishiiig 
southern bean mosaic virus, 157 
single ascospore isolations from apo- 
thecia, 167 

spraying, interactions of factors, 6S0 
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beaJi, lti9 
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die-back of guayulc, 565 
Fusarium wilt of tomato, 218 
gulden nematode of potato, 187 
growth of (ilomerella ciugulata, 531 
ll(*lnnn1hoS])orium fo(»l rot of barh‘y, 
397 

infectic»ii by Xaiithomoiias translucens 
var. cerealis, 448 
lUM-rotic ring sjiot viruses, 406 
oat mosaic, i)59 

]»athogenicity of < 3ialaro]»sis thiela\ ioides 
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jjowdery mildew of broad bean, 372 
Jthizoctonia solani, 638 
vseed treatment of lieni]), 937 
s(‘ed treatnu'iit of soyb(‘ajj, 688 
sporulatiori of llebnintbosporiiun, 1049 
tomato fruit rot, 330 
uilt and root rot of asj>aragiis, 397 
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Teosinte*, disease^.s of, 395, 411 
TeTsaii (Se*e* Fungicides) 

^Fkkvkt, I \n \V., 4 1 I 
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caries, 400, 410 
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tritici (See Tilletia caries) 
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curly-top virus in, 462 
etch (Sec Viruses) 
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pole-rot of, 679 
re*sistauce, to mosaic, 412, 685 

to re)Ot knot anei nematode re)ot rot, 
684 

to root rot, 400 
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1'oiuato, 349, 679, 979 
bushy stunt virus, 157 
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Fiisarimn wilt, 218, 399, 691 
late blight, 389 
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Alternaria, 681 
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'I'OWNSEND, Fi. K., 980 
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of bacterial blight of sugar bot‘t, 549 
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of gre*'M dwaif of potato, <i72 
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of onion yellow-dwarf virus, 293. 
of Jberce’s dis(‘a.se of grape, 118, 634 
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of strawberry virus, 684 
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Triclioderma viride, effect of dijdieiiyl 
va])or on, SSS 
Trifolium incarnatum. (549 
jiratemse. 649 
repetis, (549 
\irus of, 144 

2,3,5-'rriio(lobeTi/.oic acid, 505 
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Triticimi aestiviim, (553 (.See Wheat) 
Troi>a(*olum ma jus, 654 
Tsianu, F. T., (411) 

Tubercular in, causing cankers on TTImus 
pninila, 395 

Tiilij) spot, dissemination of, 424 
Tuleis, E. (\, (395), (95(t) 

Turf grass (See. (Irasses; turf) 

TiPiNER, Neely, ((> 80 ) 

Ulmus pumila, 284 
canker of, 395 

Uroc.ystis tritici, in Mexico, 479 
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races of, 400 
dieteliana, 411 
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Tiuda, 534 
scitaminofi, 411 
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f. poao-pratensis, cytology of, 404, 870 
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variation of, 398 
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in Phoina lingani, 408 
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pyrina, 777 

Verbascuni phoeniceuni, 050 
Verbena sj>p., hosts for tobacco viruses, 
052 

Veronica spp., hosts for tobacco viruses, 
fi50 
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infected by i^hytoinonas aptata, 552 
sativa, 049 
Vigna sinensis, 049 
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bean mosaic, 324 
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cat»bage mosaic, resistance to, 408 
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cherry wilt and decline, 409 
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jiotato Y. electrophoretic studies of, 137 
shallot virus, reaction of onion varieties 
to, 292 

sour cherry yellow's, 353, 406 
relation of temperature to, 406 
sontht*rn hean mosaic, antigenicitv of, 
157 

stom* fruit-virus cultures, ring-spot con¬ 
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tobacco varieties resistant to, 412 
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phaseoli, dissociation of, 589, 613 
overwintering of, 677 
var. Bojense, 277, 385 
control of by dusts, 405 
transliiceiiH var. cerealis, races of, 446 
seedling infection with, 446 
vesicatoria, on wheat roots, 277 

Yellow berrv of wheat, 381 
Yellow calla, 699 

Yellow ciij)rocidc (8<*(» Euiigicides) 

Youno, P. a., 391, 413 
Yu, T. F., 370 

Z-39 (See Fungicides) 

Zaluzianskya villosa, 650 
Zantcdeschia elliottiana, 699 
Zaumeyer, W. J., 689 
Zea mays, 653 (See Corn) 

Zerlate (See Fungicides) 

Zinc ethylene bisdithiocarbamate (See Fun¬ 
gicides) 

Zinc trichlorophenate (See Fungicides; 
Dowj 

Zinnia el(‘gans, 648 
haageana, 648 
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ERRATA, VOLUME 35 

Page 1008, line 1, read I’soudonioiias for Psudomonas 

Page 1009, line 39, read inoculation techniques for infection techniques 

ERRATA, VOLUME 36 

I’age 14, line 15, read Ann. Rept. 6: 84. 1892 (1893). for Ann. Rept. 5: 84. 
1892-93 

Page 22, table 1, footnote c, read Moderate, 5 to 10 s])ots per root, foot¬ 
note e, read Weighted average of scale, none to 4, inclusive 

Page 37, item 2 in literature cited, read Karon for Katon 

Page 38, line 34 and Page 58, line 20, read verrueosans for verrucosa 

Page 75, line 38, read> season for .sesaon 

Page 92, line 30, rtad reduced the number of growths of Diplodia for reduced 
the Diplodia 

Page 511. figure legend and Page 512, line 15, read abscisable for abscissable 

Page 549, line 20, read and in severe form near Klamath Falls, Oregon, and 
Alturas, California, at elevations above 4,000 feet /ar at elevations afeove 
4,000 feet 

Page 591, line 17, read special media for media 

l*age 593, liin* 5, read extract as for yeast medium 1 for extract and yeasi 
solution as for medium T 

Page 611, line 16, read noiiiiioculated for inoculated 

Page 648, table 1, line 2, read Helipterum huniboldtianum for Helipternm 
hiimholtianum 

Page 680, line 22, read G. A. Gries for A. Gries 

Page 754, paragraph 5, rend The low humidity room was held at 75 rh 0“ F. 
and 56-57 per cent relative humidity, and the high humidity room was 
held at 79 :±: 3® F. and a relative humidity of 90-94 per cent 
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the highest quality in picture presentation with 
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element accessible. 

• ELEVATING AND DEPBESSING. 
Positive knob controlled rapid tilting 
mechanism. 
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lights. 

• MINIMUM LIGHT SPILL through 
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approximately 25% more light $70.20 
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